The Book of the 
Rot ha m sted E xperi m en ts 

H V A. !>. HAM., M. A. 10 \ . j 

!•'|38 T? ’VP 1 1'SSi: * "Vi * I S . <!•,/"' <-? ,* . »■ , ’ . *> i •< , 'u ■ ,t i t: % 2 J , Si * ^ « It 

1 *s i ■ % ’ ' 1 ’ - *, " 1 


i i 1 1 >'• iU If,? S> i l i ! < *HU V » K iff: J iV IS \t, u i> I tit Ii % t 

in? •»i « ■ ntMij ll i 


t,tiS I WIN 

.In|{\ Ml lllJ.W \UifM M,i I Ml,*! f I. U 





1 




¥ 


I 


I 


l 


V R h F A c: i 


1 ’4 V* * ' , 

4 fit: 

: m 4*-4’ 41J4 


ii- If >il;UU 

r*.-! 

1* 

■M 

r*i Hin 

44 

4 

•If 


; v> 

; l * ? 


Is i* 

If ILlU r > 44 ;*1 i t fH 

* 1 4 

- „ 

ifl 

* < 

f 

u; 


1 4 t ? 

4ni“ 

« .4, 4 ' 

1 I1 i 

A 1 

• ■ ! | >; )' ’ -f 

f Iff 


.4f 

M 

N ! 

(. I 


i, 

! t 

i * * 4 ' 


1 * 1 4 4 

f « # 

If 

■ * hut :t n. 

4^*4 


• f 

•! 

4* 1) 

in 

1| 

if4 

, <• f s 

! .- 

* t 


.4 j, 

i> Tin,; ;i ,ui 

%*\U 

t If f! 

i ■!• 

1(4 

4t 

‘1, 

'4 

■ 4 

1 ! < 

• !' 

* 1 4 * ll- 

-41? ■'< 

4 

-, -I t j' «* r 

, tt If 

i M 


.•*•! 

ii I 

* 

4, 

! 

1. 

t I , ( < t 

»I | >i 

< 

-I ?« 

.* ? 

li-' '•4»j..'<4)r 

N ? . 

## 1 

S J- 

ll 

1 I 

14,^ 

l 

It 

4 

4 | | ! fri | ® i 4 

4: * ' 

> -4. K 

,4 _ 

f. 

«w>- - 4'* 

^ 4 

44 


1# 1 

all 

4 

U 

4h 

f 

* ‘ # 1 

i 

4, 4' Ui 


.,4 

• ! \ .1* H >fi = -•*’ 

i iln 

» Iff 

’ 

4 4l\ 1 „ J* 

•i 

' i 

$’ 4 ; 1.4 . 

4* 

" u,- 1. 4 

: ! 

* i f ,'ii!>! • 



r iir4 

» *4 

41 


, » 

! i ♦ 

f?i’ 4 i, 


. 44 

I * 

!i<* 

jti'V i t!t li ‘ <( 

4 4, t 


* 4 

>« • 

Hi 


II 

If 

4 li 

u-n;,: | . 1 

i % 

, > i 

44’ ’ > * 

! ■»' 

„»f; 

-•?( ■;< If | 

^4 4 

41 



11 * 4 

J - 


I f 

I"1 

• I, , , 

, , * 

4 I» 1 , 

1 


, i 

j * i 



1 

,4 4 

^41 


f 

l I 

*44 ’4, “ 


Ji>^ "tv >* 

14 


* '• • i 51 t.i:' , 

I ^ ( 


? 

fl 

1 

4 |., 

i * • 

If 

4 ( f 

* , , 1 ; 


i itv 11 $ ^ 

* H U 


!,• ,vJ. ! •• 

*), t 

f 


IJ 1 


f 

ini 


1 * 4 * 

„n '?’4 ,| 4 

4 • * 

4, 4 

4 ^ 44 

/ # 

> • , 

f 11 ^ ** 

1 ‘ 


.! 31 * 

44 < 

I 

\4 

** 

Ilf 

4 4i h > 


4 U 

,44 

44' 

. - r '’'‘4 

", !i 

4 li 


1141 

ii n 

4 

if j 

4 

4jli 

i» 4 • ' <4 4 

4 t) 

!i, hi*** 

III- 

?• 

• < ■ -4 

|,Sr«-:s 

if 

■ 1 

•f # 1 

h 


VVi 

tH 

•4 H> h* h H < 


hm. i 













III it 


* | 4 ( 

if 

■ *»i 

♦1 .4.»n iij-j.j.. 

.4- I«» 


il< 

l*' f 1 

u!l* 

*4 i j 

I 1 , 

4 

441 

* -* * ,*< li 


1 if’/*'!*! 

4 4 j 

h 4|t 4141 #4 if” 
¥ 

Y u 


i : i^ s k 



41 

> ^ 

*1» 4 

f. ' 4 * 

, , 1 
t'X* 1 

'I*f4‘ ,4 

4 »■ , 

4U 

4 f,i4 .n *4 th> 


|4 p 

J 

-4 4 

4. • 


4 t 

i f 

fin 

« * 4 » 4 4 

*4 t f 

-4 *‘W, 

4fl4, 

II) 

fl 4lf 4 4 \\ 

:* '4,i. 


1' I 

4 ' 

h 

/(• 4 

f f#i 

* ’•/ 

mir.# 

hi H K 

||«%l 

If- 

I 4 * ♦ ,iiil f 4 

»'!l • 

, , 

I , 

ill’ 


41 



» f ^ ! 

f'.v - • 

* * i 11 

|n l|iff4 

4, 4 

14 

^ 4 J,s ! ^ x 

« t rr, 

% ¥ 


1 f 

14'' 

4, 

114' 

i* 

i4 

} * i 

,. * *. 

li 

> 



! 1 

ll 

, i 


1' ! 

*4 

ii*, 

! ' > 

*;• rs; «4« 

<••, l 

!>< t 

j|l !$%ii 


* 14 '4 f l#4 


fi 


? 

> 4, 

14 3 

i« 

1 




PKKEAfE 


viii 

gations often tend to be h**> account - ’ ’ ■ M * 1 ■ 

whole than discussions of such <»f i! ■• *’ ■* 

the dominant idea with which Law- o U 
engrossed. 

The outsider, again, who has an;, In v, > ; 
cannot fail to bring some ideas of hi ■ - ■ 

illustrated and elucidated in tic W"j„ ’ •' 1 

For here comes the ji, articular di-tinet’,. i, 1 • 1 

Experiments ; the plot* esi-t to day .». :<■- /■ ’ 
last fifty years or so, and record* • .. 

completeness remain of their j«-f hi t '; * 

one looks closely into tic tua*» rod tlei- , ■ 

the science of the nutrition of ?h- pi* v . 


1)0 made to throw 

light. 

Ind<*. d 

..id; . , 


of the Kothauihtoi 

1 Exp) 

■rim« nt • 

!m U * 

’ cr r !i 1 

matter will be diseoverr 

d in tic 

III -i - ' 


and fresh lines of 

investigaflou at- -«p< 

ll|l 

in planning this aw 

•otmt 1 li iv*- tri> 

'4 * <t {> d 

,1 t w 

from as general a 

point 

iif %b 11 

*• V- ^ 

S 

i< A? 

what information 

it can 

n!!^r4 h 

uth 1 

V ■Alflp 

cultural science and to 

t}p' iii^iii 

Mtr 

v t fi* i 

problems, I have 

endea\our> d t 

h *nViU ( u 


of each crop the 

tu;w* 

of iiit4ri«rif i^si tlii 

‘ fi'>. 

published in the 

Infifi ***ri*'t* *if 

fo th 

7 M ; 


add other facts and deduct ion* mining etc. *4 ff<< 
which the original investigator* had not lath-?o. '< ., 

publish. 

As to the purpose of the book, that v, l.-e «* •••*•:/ ' , 

discussing the purpose of tin? Hothatn-V'>i K\j»uo • ■ 1 4 b * 
selves. They are, above all, attempt* to obnnn hu . 

to ascertain the conditions tuwi«r which ti»» pi n/ f 

the soil supplies it with nutriment And a . tic ,v* nie. ; ■ „f 
knowledge is the prime object. jirwHiiitl < .id-r;*?;. i < j . • 

on one side in framing the scheme, of the . }. c 

example, on one of the Itnilmtmfed fields v. leant ha» ? ^, 

tor the last sixty years, year after year, on fin* wwo- j*b *» - f 









PREFACE 


ix 


land with the same manures. As the British farmer never 
grows 'wheat continuously on the same land, and rarely uses any 
kind of manure for it, the whole experiment is from one point 
of view hopelessly unpractical; indeed many men might con¬ 
sider that to grow wheat at all nowadays is unpractical. But 
the aim of the experiments is to find out how the wheat plant 
grows, and the scheme of manuring and management adopted 
is the most practical method of solving that problem. Experi¬ 
ments which only aim at ascertaining how to derive the 
greatest monetary return from a given crop, however necessary 
they may he, are only of value for a short time and for the 
particular soil and locality where they are carried out. During 
the period the Pothamsted wheat field has been under experi¬ 
ment the price of wheat has been as high as 7 5s. and as low as 
23s.; any conclusions reached as to the most paying system at 
the former price would have to be altogether revised at the 
lower rates. There is, of course, every probability that price 
and other economic conditions may fluctuate just as much in 
the future as they have done in the past, but the one thing 
that will for ever remain unchanged is the manner in which the 
crop draws its nutrition from the air, the water, and the soil. 
Hence the farmer who best knows how this process takes 
place will, other conditions being equal, be the one best fitted 
to continue to derive a profit under the changing conditions. 

The great object, then, of the Pothamsted Experiments is 
to obtain knowledge that is true everywhere, and to arrive 
at principles of general application, leaving the farmer himself, 
through his more immediate advisers, to adapt these principles 
to his own practical conditions and translate them into pounds, 
shillings, and pence. Thus the farmer who visits Kothamsted 
must not expect to see demonstrations of the most profitable 
means of growing this or that crop, but rather to obtain 
information as to its habits and requirements which on 
reflection he can make useful under his own conditions. 
Some of the work also that is going on may seem to deal with 
problems little connected with practice; so remote, in fact, that 
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they never can have any bearing upon the business of farming. 
There are, however, many matters in which the actna! farmer 
will always have to rely upon the advice of scientifie experts, 
and as a rule the unpractical-looking experiments are devised 
to settle this or that point on which the scientific man must 
have information in order to form a correct judgment, for the 
guidance of the practical man. 

Agricultural science involves some of the most, complex 
and diflienlt problems the world is ever likely to have to solve, 
and if it is to continue to he of benefit to the working farmer, 
the investigations, as far as their actual conduct goes, must 
very quickly jaiss into regions where only the professional 
scientific man can hope to follow them. However, it is not 
with such research that the present volume* deals; here, I 
trust, there is nothing that the farmer with an intelligent 
interest in his profession cannot appreciate and find n-efnl. 
The hook is intended, firstly, for any man concerned witb the 
management of land, whether farmer or market gardener, laud 
owner or agent, who wants to learn something of tic proec 
going on in the growing crop and in the soil, as they have bee’, 
elucidated by the most complete s«*t of field experiments ifj. 
world has yet seen. Secondly, the hook is intended for tie 
agricultural student', it will furnish a miming commentary «m 
a very large portion of the information he finds in his lex? 
hooks on agriculture and agricultural chemistry. It is of gi* e 
importance to the student that he should from time to time g< ? 
in touch with the sources of the statements and conclusion* le- 
reads in his textbooks or hears in lecture, since he obtain“ 
thereby some idea of the extent to which these statement h can 
he trusted to apply to working conditions. I,adly. the hook j* 
intended for the agricultural teacher and <\xpeit, for whom it 
will provide a certain amount of unpublished matter con 
eerntng Eotlmmsted, and will also sme as a, guide to tie- 
very extensive scries of reports honied by laiwe* and Gilbeii 
To this end references have, been added at the dose of e«« h 
chapter to the original pa§»e*r» dealing with the subject, 
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Throughout l have kept the teacher in view, and have 
endeavoured to .supply him with the summaries and Ulus 
t rat ions which will he; useful in his class work. 

Of course, in many respects the book covers the same 
ground as the summary of the Rothamsted Experiments drawn 
up by Gilbert for his lectures in America, which were published 
both by the United States Department of Agriculture and by 
the Highland and Agricultural Society of Scotland in l 
The American lectures were, however, in the main intended 
for the reader who was already equipped with a considerable 
knowledge of agricultural science; on tin* one hand, they did 
not deal with all (he Rothamsted work, and on the other, they 
went into much greater dentil than is here attempted. In the 
present book I have endeavoured to make matters plain to 
the non-leelmieal reader and to elucidate the subject by 
diagrams and simplified tables, leaving the specialist to consult 
{he original papers for fuller information. 

By the kind permission of Mr R, Wa.ringt.on and the 
Council of the Royal Society, I have been permitted to reprint 
Mr Waringtons account of Lawes and Gilbert from the Obituary 
Notices of the Royal Society, and this forms tin; best intro 
duct ion to the history of the Rothamsted Experiments and the 
personality of their founders. 

In the Appendix will be found a bibliography of all tie* 
more important papers issued by Lawes and Gilbert, togetln i 
with others which deal with Rothamsted material by ind»* 
pendent investigators. A list util also be found of previous 
books whieh have given a general aeeoiint of the experiment-', 
including Dr I'reams little hook published in Ihnk, which, 
though dealing only with wheat, isirlcy, and grass, has formed 
for so many readers their introduction and guide to fie- 
1 lot immstei 1 invest igat ions, 

A list is given of the men who have worked in the Rot hum 
sted Laboratory, either as members of the stuff, or im volant my 
workers for a long or short period. Although by the f<*m 
of the trust deed no fcurbing may be done at tin* Station, 
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accommodation may be provided for men capable of assisting in 
research; such men are welcomed and are given all facilities for 
carrying out special investigations with the material in which 
the Station is so rich. 

In this book little has been said of the work now in progress; 
speaking generally, the old plots as described are being continued 
without essential change, but the current investigations deal 
chiefly with the composition of the crops produced and with the 
soil. The bacterial life of the soil forms indeed the unknown 
territory which promises the greatest reward to the explorations 
of the agricultural chemist of to-day. 

In the preparation of the book, I have to thank Dr TsT. H. J. 
Miller for most of Chapter II., and both him and Mr J. J. 
"Willis for much detailed information and many facts that have 
never been recorded. Dr H. T. Brown, F.R.S., and Dr J. A. 
Voelcker have been good enough to read the proof-sheets and 
make many suggestions. Particularly I have to thank Mr G. 
T. Dunkley for the great trouble and care he has taken over 
the preparation of the tables and diagrams ; without the help 
of his knowledge of the past history and his familiarity with the 
records, I should have found it impossible to prepare this account 
of the Rothamsted Experiments. 


The Rothamsted Experimental Station, 
Harpenden, March 1905. 


A. D. Hall. 
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Sm John Bknnkt Lawks, Bart., 1814-1000 

Thk manor-hou.se of Rothamstcd, situated in the parish of 
Harpenden, Herts, was the birthplace} of John Bonnot. Lawes, 
and the Rothamstcd farm became, in suhse<|uent years, the 
scene of the great work of his long life. So far-reaching have 
been the results which he achieved, that the name of Itotham- 
sted is now a household word wherever the science of 
Agriculture is studied. 

The ancestors of Sir John Lawes had occupied Rothamstcd 
for many generations. Jaques Wittewrongo came to England 
from Flanders in 1564, owing to the religious persecution then 
prevailing. The manor of Rothamstcd was purchased in 1 (>23 
for his grandson, John Wittowrongo, who was then a minor. 
John Wittowrongo was knighted hy Charles L, and afterwards 
created a baronet by Charles II. In consequence of the failure 
of malo heirs, the manor passed to the Bennet family by the 
marriage of Elizabeth Wittowrongo with Thomas Bennet, and 
finally to the Lawes family by the marriage of Mary Bonnet 
(great-granddaughter of James Wittowrongo) with Thomas 
Lawes. His son, John Bennet Lawes, was the father of the 
John Bennet Lawes of whom we have to speak, who was born 
at Rothamsted on December 28, 1814. 

John Bennet I^awes was an only son. He lost his father 
when eight years old, and owed much to his mother’s bringing 
up. He seems to have led the life of a country boy, and his 

* Keprintcd from the Obituary Noth™ of tlx* Itoyn) Hoeioty, 
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studies lie afterwards described as being “ of a most desultory 
character.” Experiments in chemistry, made at home, seem to 
have been one of his favourite occupations. He was sent 
successively to Eton, and to Brasenose College, Oxford, which 
he entered in 1832. While at Oxford he attended some of the 
lectures of Dr Daubeny, the professor of chemistry. He left 
the University without taking a degree. 

In 1834 Mr Lawes entered on the personal management of 
the home farm at Rothamsted, then of about 250 acres; he at 
the same time threw himself heartily into chemical investiga¬ 
tions. He tells us : “ At the age of twenty I gave an order to a 
London firm to fit up a complete laboratory, and I am afraid it 
sadly disturbed the peace of mind of my mother to see one of 
the best bedrooms in the house fitted up with stoves, retorts, 
and all the apparatus and reagents necessary for chemical 
research. At the time my attention was very much directed to 
the composition of drugs; I almost knew the Pharmacopoeia 
by heart, and I was not satisfied until I had made the acquaint¬ 
ance of the author, Dr A. T. Thomson. The active principle 
of a number of substances was being discovered at this time, 
and, in order to make these substances, I sowed on my farm 
poppies, hemlock, henbane, colchicum, belladonna, etc. Some 
of these are still growing about the place. Dr Thomson had 
suggested a process for making calomel and corrosive sublimate 
by burning quicksilver in chlorine gas. I undertook to carry 
out the process on a large scale, and wasted a good deal of 
time and money on a process which was, in fact, no improve¬ 
ment on the process then in use.” At this time Dr Anthony 
Todd Thomson, Professor of Materia Medica at University 
College, London, was his chief instructor and adviser. An old 
barn at Rothamsted was transformed into a laboratory, and 
here the calomel was afterwards made; this laboratory 
remained in active use till 1855. 

The researches of De Saussure, on the nutrition of plants, 
seem to have first called Mr Lawes’ attention to the relations 
between chemistry and agriculture. In 1837 he commenced 
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experiments in pots with agricultural plants, the manures made 
use of supplying various elements of plant food. Those experi¬ 
ments were continued on a larger scale in 18:38 and lHhlt 
Spent, animal charcoal was then a waste product, and Mr 
Lawes was asked by a London friend if it could bo turned to 
any use. He therefore employed it as a manure in his pot 
experiments, and discovered that if previously treated with 
sulphuric acid its efficacy as a manure was greatly increased. 
Apatite and other mineral phosphates were soon treated in a 
similar manner, and the “ superphosphate of lime,” thus 
prepared, was found to be most effective as a manure, especially 
for turnips. The new superphosphate was employed on a. 
large scale for crops on the Rothamsted farm in 1840 and 
1841, and the results were so satisfactory that in 184*2 Mr 
Lawes took out a patent for the manufacture of super¬ 
phosphate. 

The application of sulphuric acid to hones had been 
practised before the date of Mr Lawes’ patent; the novelty of 
his patented invention consisted in the treatment of mineral 
phosphates in this manner. The supply of bone available for 
farmers is but small, but the supply of apatite, coprolite, and 
of the various rock phosphates discovered in recent years, is 
almost unlimited. These mineral phosphates arts usually too 
insoluble to have any practical value as manure, but by treat¬ 
ment with a limited quantity of sulphuric acid, a mixture of 
monocalcic phosphate, phosphoric acid, and gypsum is produced. 
The phosphates in this compound are almost entirely soluble 
in water, and far more efficacious as manure than the phos¬ 
phates of raw bone. The enormous influence which the 
introduction of superphosphate has had on the development of 
agriculture may he gathered from the quantity now annually 
employed by farmers. The annual manufacture of super¬ 
phosphate in Groat Britain amounts at present to about 
1,000,000 tons, while the total manufacture in the world is 
about six times this amount. If Sir John Lawes had done 
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manures, he would still rank among the greatest benefactors 
to agriculture. 

The life of Sir John Lawes divides at this point into two 
parts. He became from the date of his patent a chemical 
manufacturer, carrying on an extensive London business, and 
as prosperity increased he embarked in a variety of enterprises. 
While, however, obliged to spend two days of every week in 
London, his devotion to agricultural research continued to 
increase, and the profits yielded by commerce were employed 
for the creation and maintenance of a large experiment station 
at Rothamsted. The experiments in the fields had already, at 
the date of his patent, reached a stage at which the continuous 
services of a trained chemist were urgently needed. On the 
recommendation of Dr A. T. Thomson, Mr Lawes engaged a 
young chemist who had studied under Liebig—Dr J. II. 
Gilbert. Dr Gilbert entered upon his work at Rothamsted in 
June 1843, and continued actively occupied in the scientific 
superintendence of the agricultural experiments during the 
whole of his long life. For fifty-seven years Lawes and 
Gilbert worked together on a great variety of agricultural 
problems; of these labours and their results we shall give a 
brief account, after completing our sketch of the life of each 
worker. 

Mr Lawes married, in 1842, Caroline Fountaine, daughter 
of Andrew Fountaine, Esq., of Narford Hall, Norfolk. He 
enjoyed her society for more than fifty years, and her artistic 
power was not unfrequently employed in providing illustrations 
of the investigations in progress. As the commencement of 
manufacturing operations made great demands on his capital, 
Mr Lawes at this period let Rothamsted House, and for some 
years resided either in London or Devonshire. 

His first factory for the manufacture of superphosphate was 
erected at Deptford Creek in 1843. The business rapidly 
extended, and in 1857 about 100 acres of land were purchased 
at Barking Creek, and a larger factory erected, including an 
extensive plant for the manufacture of sulphuric acid. In 1866 



BIOGRAPHICAL INTRODUCTION 


XXV 


Mr Lawes purchased the tartaric and citric acid factory at 
Millwall. The purchase was unwillingly made, but the new 
work was taken up with his accustomed energy and enterprise, 
many economies and improvements were introduced, and the 
factory became the most important of its kind in this country. 
In 1872 he sold the whole of his manure business for £300,000; 
he retained the tartaric and citric acid factory till his death. 
Mr Lawes had also a large sugar estate in Queensland; the 
low price of sugar and the lack of cheap labour prevented, in 
this instance, a commercial success. 

The investigations at Rothamsted made rapid progress. In 
1843 were commenced the systematic field experiments on 
turnips and wheat; the wheat field has grown wheat without 
intermission ever since. In 1847 the field experiments on 
beans commenced, and in 1848 those on clover, and on a four- 
course rotation. In 1851 the rotations of wheat and fallow 
and wheat and beans were started. In 1852 the field experi¬ 
ments on barley commenced. In 1856 those on grass land. 
In all about 40 acres were brought under experiment. Of all 
these crops complete chemical statistics were obtained. 
Experiments on sheep-feeding with various foods commenced 
in 1848. The whole bodies of ten animals—oxen, sheep, and 
pigs—of various ages and conditions as to fatness, were analysed 
between 1848 and 1850. In 1850 an extensive series of pig¬ 
feeding experiments was made. 

The extent of the work undertaken, its thoroughness, and 
the practical value of the results obtained, gained the admira¬ 
tion of both scientific and practical men. At a meeting of 
Hertfordshire farmers at St Albans, on December 24, 1853, it 
was resolved to present Mr Lawes with a testimonial. The 
circular issued states : “ It was considered that Mr Lawes has 
for many years been engaged in a series of scientific and 
disinterested, investigations for the improvement of agriculture 
generally, which have been carried out to an extent, with an 
attention to accuracy and detail, and at a cost, never before 
undertaken by any individual, or even by any public institu- 
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tion.” The proposal was soon enlarged, and became national 
in its character. The subscriptions received amounted to about 
£1160. At Mr Lawes’ desire, the greater part of this sum 
was spent in the erection of a new laboratory, which was. 
opened at a gathering of distinguished agriculturists on July 
19, 1855, the Earl of Chichester presiding on the occasion. 
The speeches made by Mr Lawes, Dr Gilbert, and others, have 
fortunately been preserved. Mr Lawes, on this occasion, paid 
a warm tribute to the work done by Dr Gilbert. Besides the 
gift of the laboratory, Mr Lawes received a handsome silver- 
candelabrum, bearing a suitable inscription. In later years the 
laboratory was found too small for the preparation and storage 
of the numerous samples, and additional buildings were 
erected. 

Mr Lawes was elected a Fellow of the Royal Society in 
1854, and in 1867 one of the Royal medals was awarded to him 
and Dr Gilbert for their systematic researches upon agricul¬ 
tural chemistry. Seven papers by Lawes and Gilbert have 
been published in the Society’s Philosophical Transactions. 

The connection of Mr Lawes with the Royal Agricultural 
Society was naturally, a close one. He became a member of 
the Council in 1848, and was afterwards a vice-president and 
trustee. In 1893 the presidency of the Society was offered to 
him, but declined on account of his advancing years. In the 
Journal of the Society the greater number of the reports on 
the Rothamsted agricultural investigations have been published; 
forty-six reports had thus appeared before the year 1900. In 
1876 he took an active part in arranging for the commencement 
of the field experiments conducted by the Society at Woburn, 
in Bedfordshire. These experiments consisted in repetitions 
of the experiments at Rothamsted upon the continuous growth 
of wheat and barley with known manures, the experiments in 
this case being made upon a purely sandy soil; they also 
included rotation experiments designed to test the manurial 
value of cattle foods. These experiments were conducted on 
the Duke of Bedford’s estate, and at his expense. 
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The relations of Mr Lawes with tho Chemical Society were 
also intimate. He became a Fellow in 1850, and was elected 
to the Council in 1802. The chief part of tho chemical work 
done in the Rothamstcd laboratory was communicated to this 
Society, and about twenty-two lectures and papers by Lawes 
and Gilbert, and other Rothamstcd workers, appear in the- 
Journal and Transactions. 

Mr Lawes was a member of the Royal Commission 
appointed in 1857 “To inquire into the best mode of distri¬ 
buting the sewage of towns, and applying it to beneficial and 
profitable uses.” Two members of this Commission, Lawes 
and Way, conducted for several years important experiments 
on sewage irrigation at Rugby. The investigation dealt with 
the quantity and composition of the grass receiving varying 
amounts of sewage, and its value as food for fattening oxen and 
milking cows, including the composition of the milk obtained. 
The diluent, waters from tho irrigated fields were also analysed, 
and the formation of nitrates in large quantities was demon¬ 
strated. The final report was published in 18(55. 

The aid of Rothamstcd was again sought by the Govern¬ 
ment in 18(53, the object in this case being to ascertain 
whether tin? malting of barley resulted in any increase of its 
value as a food. A considerable bulk of barley was divided 
into two lots, one of which was malted, and the loss in dry 
matter ascertained; feeding experiments were then made, in 
which the nutritive effect, of a given weight of barley was com¬ 
pared with that shown by the quantity of limit which could have 
been produced from it. The trials with oxen, sheep, and pigs, 
were made at Rothamstcd, and those witli milking cows at 
Rugby. The full report was presented to Parliament in 18(56. 

While the formal reports on the Rotbamsted investigations 
were to a large extent the work of Dr Gilbert, Mr Lawes was 
himself an active writer on agricultural subjects. In middle 
life be was a frequent contributor of short papers to agricul¬ 
tural newspapers and periodicals, both English and American ; 
he also lectured from time to time to agricultural associations. 
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His writings were always marked by great originality, they 
were also very practical in character. When bringing forward 
the results of recent scientific enquiries, he would avoid as far 
as possible the use of scientific language, and speak as a fanner 
to farmers. The fertility of the land and its relation to 
landlord and tenant, and the manure value of foods, with tin* 
compensation due to an outgoing tenant for unexhausted 
manures, were subjects which he made peculiarly his own. 
For many years he sent annually to the Times newspaper, in 
the early autumn, an estimate of the quantity of wheat yielded 
by the preceding harvest in this country. This estimate was 
based on the produce of the standard plots in the experimental 
wheat field at Rothamsted; as the produce here was over or 
under the average, so it was assumed would be the general 
produce of the country. The estimates thus made proved 
generally to be near the truth. 

For his great services to agriculture Mr Lawes was created 
a baronet by the Queen in 1882. The degree of LL.l). was 
conferred on him by the University of Edinburgh in 1877 ; 
D.C.L. by Oxford in 1893 ; and Sc.D. by Cambridge in 1894. 
He received the Legion of Honour from Napoleon III. ; he 
was also a Chevalier du Mdrite Agricole. He was elected a 
corresponding member of the Institute of France in 1879. In 
1883, he received a Gold Medal from the Russian Government. 
In 1881, the German Emperor awarded a Gold Medal for 
Agricultural Merit to Lawes and Gilbert. 

Sir John Lawes early conceived the idea of perpetuating 
the Rothamsted investigations by placing the laboratory and 
fields in the hands of trustees with a permanent endowment 
for their maintenance. He first spoke of this in his speech at 
the opening of the new laboratory in 1855. In 1872 lie 
publicly announced that he had set aside £100,000 for this 
purpose. By deeds executed by him in February 1889, the 
laboratory and experimental fields were leased to Sir John 
Lubbock, William Wells, Esq., and Sir John Evans, as 
trustees, for ninety-nine years at a peppercorn rent. To the same 
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trustees he covenanted to pay the sum of £100,000, the interest 
on which was to be applied to the maintenance of agricultural 
investigations under the direction of a Committee of nine 
persons, of whom four were to be nominated by the Royal 
Society, two by the Royal Agricultural Society, one by the 
Linnean Society, and one by the Chemical Society, the owner 
of Rothamsted being always a member of the Committee. 
The appointment of new trustees when required was vested in 
the Royal Society. The Managing Committee were at once 
appointed. They consisted of Sir John Evans, Dr Hugo 
Miiller, Sir Michael Foster, and Sir W. T. Thisolton Dyer, 
nominated by the Royal Society; Sir John II. Thorold, and 
Charles Whitehead, Esq., nominated by the Royal Agricultural 
Society; William Carruthers, Esq., nominated by tho Linnean 
Society; Prof. H. E. Armstrong, nominated by the Chemical 
Society ; with Sir John Bennet Lawes. Under this Committee, 
with but few alterations in their constitution, the direction of 
the work at Rothamsted has since proceeded. One provision 
of the trust deed directs the Committee to send a lecturer from 
time to time to the United States of America to lecture upon 
the results of the Rothamsted investigations. 

The Jubilee of the Rothamsted Experiments was celebrated 
on July 29, 1803. The organisation of this celebration 
originated with the Royal Agricultural Society. At a meeting 
on March 1, presided over by H.R.H. the Prince of Wales, it 
was resolved : “ That some public recognition should be made 
of the invaluable services rendered to Agriculture by Sir John 
Lawes and Dr Gilbert.” A subscription list was opened, and 
with the contributions received a large boulder of Shap granite 
was erected in front of the laboratory, bearing the following 
inscription“To commemorate the completion of Fifty Years 
of continuous experiments (the first of their kind) in agriculture, 
conducted at Rothamsted by Sir John Bonnet Lawes and 
Joseph Henry Gilbert, a.d. mdcccxciii.” A large and 
distinguished gathering was held in front of the laboratory 
on the afternoon of July 29, tho Rt. Hon. Herbert Gardner, 
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M.P., President of tlie Board of Agriculture, presided. The 
Duke of Westminster, as President of the Royal Agricultural 
Society, presented to Sir John Lawes his portrait, painted by 
H. Herkomer, R.A., and to Dr J. H. Gilbert, a silver salver. 
He also presented congratulatory addresses to both Lawes and 
Gilbert from the subscribers to the fund, each address being 
signed by H.R.H. the Prince of Wales. The presentation of a 
large number of addresses from English and Foreign Societies 
then followed, including one from the Royal Society. Sir 
John Lawes and Dr Gilbert then replied. A few of the 
words spoken by Sir John Lawes must be quoted. “That 
.afternoon he had to return thanks to that distinguished and 
brilliant assembly for their kind congratulations to himself and 
Dr Gilbert upon the work that they had been carrying on for 
the last fifty years. When two people were joined together in 
marriage they could not part, because they were bound' 
together by very solemn ties. But with regard to himself and 
Dr Gilbert the case was quite different, Dr Gilbert could have 
left him, or he could have left Dr Gilbert. Their connection, 
however, had lasted for more than fifty years. What was the 
cause? Nothing less than mutual love of the work they had 
been engaged in. He (Sir John) had delighted in the work 
from the beginning. All the time he could spare in the midst 
of many other responsibilities and duties he had given to the 
work. But with Dr Gilbert it had been the work of his life. 
If it had not been for Dr Gilbert’s collaboration their investiga¬ 
tions would have been in a very different state to what they 
were then.” 

Shortly after the Jubilee celebration Dr Gilbert received 
the honour of knighthood. In September of the same year 
the Liebig Silver Medal was awarded to Sir John Lawes and 
Sir Henry Gilbert by the curators of the Liebig Foundation of 
the Royal Bavarian Academy of Sciences. In the following 
year, 1894, the Albert Gold Medal of the Society of Arts was 
presented to Lawes and Gilbert by H.R.H. the Prince of 
Wales, “for their joint services to scientific agriculture, and 
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notably for the researches which, throughout, a period of fifty 
years, have been carried on by them at the, Experimental Farm, 
Iiothamsted.” 

Something must now be said as to the personality of tine 
remarkable man whose life’s work wo have attempted to 
•describe. He possessed an extremely vigorous constitution, 
* and when past 8f>, exhibited but few of the infirmities of old 
age. His holiday was always spent in .Scotland, and deer 
stalking and salmon fishing were then his chief occupations. 
At home, all his leisure time was spent on the farm. lie was 
a keen observer, and knew the experimental fields better than 
anyone else. His interest in agricultural problems never 
tired, he was continually finding fresh subjects for inquiry. 
While gifted with a full share of the scientific imagination, he 
was thoroughly practical in his conclusions. His long 
experience as a farmer, and the careful attention to economy 
learnt in business, wore of great use to him when he brought 
the results of scientific investigation before the agricultural 
world. He took a broad, statesman-like view of all agricultural 
questions, and was looked up to by the English farmer as his 
safest guide and his highest authority. 

Sir John Lawes seldom took part in public functions, he 
was not seen at meetings of scientific societies, and look no 
active part in politics; excepting the hours unavoidably spent 
on his London business, he lived as far as possible a country 
life. It was, however, in no sense a secluded life; his 
correspondence was very large, and the visitors to the 
Iiothamsted experiments were extremely numerous and of all 
nationalities. They found at Iiothamsted a genial host and 
a ready guide to the fields, where the lessons taught by the 
experimental crops were described in brief and pithy sentences 
by one who knew thoroughly the whole history of each pilot. 

Sir John Lawes by no means confined his attention to 
science, agriculture, and business; he was a man of active 
benevolence. The agricultural labourers of I larponden found 
in him their best friend. He began to provide allotment 
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gardens in 1852, and before his death the number had reached 
334. In 1857 he built a club room in the gardens. Various 
co-operative schemes were started for the labourer’s benefit; 
one of these has been immortalised by Charles Dickens, who 
visited the club room in April 1859, and afterwards gave an 
account of what he saw in the first number of All the Year 
Round. The welfare of his workmen at his various factories 
was equally considered. He exercised a wide private benevo¬ 
lence, and in his own parish was never appealed to in vain for 
any good work. 

Sir John Lawes’ life was prolonged to an unusual period ; 
he lived and worked and taught through two successive 
generations. His health remained very good till within about 
a week of his death. He died at Rothamsted on August 31, 
1900, in his 86th year, and was buried at Harpenden. His 
only son, Sir Charles Bennet Lawes, who has assumed the 
additional name of Wittewronge, succeeds to the Rothamsted 
estate. 


Sir Joseph Henry Gilbert, 1817-1901 

Joseph Henry Gilbert was born at Hull on August 1, 
1817. He was the second son of the Rev. Joseph Gilbert, a 
Congregational Minister, who had previously held the position 
of Professor of Classics at the Divinity College, Rotherham. 
His mother belonged to a well-known literary family, and 
under her maiden name of Ann Taylor, was a popular authoress 
of poems for children. The family removed in 1825 to 
Nottingham, and it was here that the boyhood of Joseph Henry 
Gilbert was spent. He was first sent to an elementary school 
taught by a blind lady of great intelligence, and afterwards to a 
school kept by Mr Long at Mansfield. In 1832, while at Scar¬ 
borough, he met with a serious gunshot accident, which per¬ 
manently deprived him of the sight of one eye, and considerably 
damaged the other; his general health suffered much from the 
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shock, and it was some years before ho was able to resume 
his studies. During this interval he in 1838 paid a visit to St 
Petersburg. In the autumn of 1838 he became a student at the 
University of Glasgow; here he devoted nearly a year to the 
study of analytical chemistry in the laboratory of Prof. Thomas 
Thomson. Materia-Medica was studied under I)r J. Couper, 
and botany under Sir W. J. Hooker. He came to London in 
the autumn of 1839, and continued his studies at University 
College, where he attended the chemical lectures and practical 
classes of Prof. T. Graham, and worked for a short time in the 
laboratory of Prof. Anthony Todd Thomson. He also studied 
natural philosophy under J. Sylvester, anatomy under Dr 
Grant, and botany under Lindloy at Chiswick, and made some 
progress in the German language'. In 1840 he went to 
Germany, and spent a summer session at Giessen, in the 
laboratory of Prof. Liebig. Here ho took the degree of Pit. I >. ; 
two other English students, J. Stenhouso and L. Playfair, after¬ 
wards to become celebrated as chemists, took their degrees 
at, the same time. On returning to England, Dr Gilbert 
renewed his studies at University College, and became class 
and laboratory assistant to Prof. A. T. Thomson during the 
winter and summer sessions of 1840-41. In 1842 he. left 
London and became consulting chemist to Mr Burd, a calico- 
printer in the neighbourhood of Manchester. The turning 
point of his life soon arrived. Mr Lawns had already made 
his acquaintance in the laboratory of Prof. A, T. Thomson, and 
being in want of a t rained chemist to assist in the agricultural 
investigations he had commenced at Itothninsted, lie, on the 
recommendation of Prof. Thomson, engaged the services of Dr 
Gilbert. On June 1, 1843, Dr Gilbert entered on his work ut 
Rothamsted. The connection between Diwes and Gilbert thus 
commenced continued till the death of Sir John Diwes in 1900, 
a period of fifty-seven years. 

The rapid development of the agricultural investigations at 
Rothamsted after the year 1843 has been already noticed in the 
preceding account of the life of Sir John Lawes. The value of 
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the work done was largely due to the nnremitfcd labours of l *r 
Gilbert. At tlie opening of the new laboratory in IHf»Mr 
Lawes said, “I should be most ungrateful were I f«» omit this 
opportunity of stating how greatly I am indebted u» theme 
gentlemen whose lives tire devoted to the conduct and manage 
merit of my experiments. To 1 >r. Gilbert more i*,spi*<dnllv, I 
consider a debt of gratitude is due from myself mid from ,»yi*rv 
agriculturist in Great Britain. It is not every gent loimfti of 
his attainments who would subject himself to the rape if,* ,»f an 
individual, or risk his reputation by following the pursuits .*f « 
science which has hardly a recognised existence, j-Gr twelve 
years our acquaintance has existed, and I hope tw«*h \ «*aj s 
more will find it. continuing.” The testimony borne bi Sir .lolm 
Lawes to his colleague at the end of fifty )e,u of thejr joint 
work has been already quoted in the preceding urroutit of Sir 
John Lawes. 

We must now attempt to give some idea of the special | M i r « 
taken by Sir Henry Gilbert in the Rotlintnsted investijgattMttsi, 
The two leaders of tin* work were in iilmoi*t daily t’«»tm»ilt«ttc*ti. 
Sir H. Gilbert spending, m a rule, an hour at Rot limit*t»*d 
every day that Sir John Iatwes was at homo, Tin* | dan* h»i* 
new experiments, the results obtained from day to day. and 
the drafts of the report* in preparation. were tint* all di^eimscd 
by them together. Sir John lawes dir* n<-d the agrimilmnd 
operations in the experimental field*; the rxectitioa. of f|»*» 
remainder of the work was in the hand* of Mr Il* r»r> «iilbert, 
Sir John Lawos contributed to th« joint work a thorough 
knowledge of practical agriculture His original mind wu* 
stored with facts learnt by keen observation and study in ti*n, 
field. A horn investigator, In'* to b»* coni iouullv 

occupied in the* study of agricultural problem#. Iffi. enter jiris- 
ing and practical spirit impressed its character on the u lmti* of 
the Hothamsted work, Sir Henry f ,»Jb<rt Kttpp|efu«*nf**d in a 
remarkable manner the qualities of hi* ehi«*f. Hi# tmintug as 
an analytical chemist, and hi* acquaintance «ith fomigti 
languages and literature, were naturally »f groat valur* in 
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research work. His knowledge of colloquial German enabled 
liirn in after years to describe the results of the kothamsted 
investigations to many foreign visitors. His special mental 
characteristics also eminently fitted him for the work sub 
sequentlv carried out. He was both cautious and painstaking 
to a remarkable extent, desiring to accumulate a great mass of 
facts before coming to any certain conclusion upon them. Hi* 
mode of work was also extremely methodical, and the method 
once adopted, after full consideration, was continued through 
many subsequent years, thus giving rise to long seric* of results 
obtained in a perfectly similar manner. The eoutiuuation of 
the same field experiments for more, than fifty years, and tin* 
important results which subsequently followed from an examine 
tion of the soils so long under definite cultivation, may be cited 
as examples of Gilbert’s method. Under his rare, samples of 
the grain and straw from each ex|>erimental plot, in enrh year 
wore preserved in the laboratory, and also samples of the ash 
yielded by each. In later years, when samples of the soils and 
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The life work of Sir Henry Hilbert will chiefly be found in 
the published reports of*the Rotliamsted investigations, winch, 
at the time of his death, had reached ten volumes ; the >tibjee)«, 
of these investigations will he briefly noticed at the choc of 
this biography. His work, however, frequently extended beyond 
the sphere of the Rotlmmsted Experiments, He wa- Mr 
La wes’ .scientific adviser, and as such he played an ncti\<* part 
in the trials which took place in tin* Law < ‘ourts respeeting the 
alleged infringement of Mr I .awes’ patent. He made reports 
on deposits of phosphates at home and abroad. He 
superintended the experiments relating to the disposal of 
sewage at the time when Mr Lawes was a member of the 
Royal (Commission of J*.‘>7. Other important undertaking* will 
be mentioned presently. 

Dr (filbert was married in l *.10 to Eliza l .auric, daughter 
of the Rev, (J. Laurie, His wife died in l He married a 

second time, in Maria Smith, who survives him. Sir 

Henry Hilbml owed much to his second wife « untiring a-cd-t 
a tiff*. The feeble condition of his eyesight obliged him t«» rely 
a good deal on elerieal help. Both foreign and English papers 
were read to him by Lady (filbert, while the greater part of hi* 
own work was dictated to an amanuensis, His great pluck 
and determination, with the assistance thus rendered, enabled 
him to accomplish a very large amount of work notwithstanding 
the serious difficulties under which he laboured. 

Sir Henry Hilbert was mi active member of many scientific 
societies, it regular attendant at their meetings, and a member 
of many scientific* committees. The Hotbamsted investigations 
undoubtedly gained by the intercourse thus obtained with other 
investigators, though the time occupied by visits to London 
was often considerable. Sir Henry Hilbert was elected a 
Fellow of the Royal Society in !**$(). lie was the author, with 
Sir John latwes, of seven jHipcr* in the Hitlosophical Trans¬ 
actions. In 1H«7 he received, with Sir John lawes, one of 
the Royal medals for Urn work donn at Rotbmimtai He 
aemid m the Hotineil In l#HCb8. Sir Henry Gifliert joined the 
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Chemical Society in 1841, a few weeks after its formation, 
became a member of the Council in 1856, and a Yice-President 
in 1868. In 1882 he was elected President of the Society. 
■Sir Henry Gilbert delivered four lectures before the Society, 
and was the part author of several other papers. In 1898 a 
memorable dinner was given by the Society to six Past- 
Presidents, all of whom had been members of the Society for 
more than fifty years : of these Past-Presidents Gilbert was the 
eldest. The President concluded his address to him by saying : 
“ The Rothamsted results will be for ever memorable: they are 
unique, and characteristic of the indomitable perseverance and 
energy of our venerated President, Sir Henry Gilbert.” 

Of the Linnean and Meteorological Societies Sir Henry 
Gilbert was also a Fellow, and occasionally read papers at 
their meetings. He was also a member of the Society of Arts. 
He became a member of the Scientific Committee of the 
Horticultural Society in 1868, and for many years regularly 
attended its meetings. 

In his summer holidays the meeting of the British Associa¬ 
tion for .the Advancement of Science was generally attended; 
his attendance commenced in 1842, and during many years he 
scarcely missed a meeting, and frequently read a paper 
describing some of the Rothamsted results. In 1880 he was 
President of the Chemical Section, and gave as his address, 
“A Sketch of the Progress of Agricultural Chemistry.” A 
tom on the Continent generally formed part of the summer 
holiday; agricultural laboratories and experimental stations 
were then visited, and the Naturforscher Versammlung, and 
other scientific gatherings, were often attended and papers 
read before them. In 1871, and the following year, the 
details of sugar-beet culture were studied in Germany, Austria, 
and France, preparatory to the commencement of experiments 
on this subject at Rothamsted. 

Three visits were paid to the United States and Canada. 
In 1882 he attended the meeting of the American Association 
for the Advancement of Science, at Montreal, and brought 
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before them tin* recent determinations of nitrogen in the 
experimental soils at JIolhumsted. A tour of nearly three 
months was afterwards made in the United States, In 1*84 
he was again at Montreal, at the meeting of the British 
Association, ami afterwards made a second extensive tour 
through North America. *Th«* last visit was jaiid in IM*:t. 
after the celebration of the Rothamsted jnhih'e, for tin* 
purpose of delivering a course of lectures on the Bothamsted 
experiments, in accordance with a provision of Sir John I.awes' 
tnmt deed. Sir Henry Hilbert first attended the Agricultural 
(’ongress hehl in conneetion with tin* \V«add*s Fair at ('hieago ; 
here he lmd a splendid reception, all present rising and 
cheering for some time. To this Exhibition at Chicago a large 
eolh*ction of diagrams had been sent from Hot hamsted, and 
for these a medal was afterward* awarded. Sir Henry t lilhert. 
then gave a eonrse of seven lectures at the Suite Agricultural 
College at Amherst, Mass., taking ns his subject the chief 
results relating to tin* crops ordinarily grown in rotation, with 
those relating to the feeding of animals, obtained at Rothamsted 
during the previous fifty years, These lent tires, in an enlarged 
form, were afterward* published by the United State* Depart 
incut of Agriculture, and were reprinted, with an introductory 
account of the Rot hamsted Experiments, in the Transactions 
of the Highland and Agricultural Society of Scotland for 
lHttfi. 

In 1884 Hr (lilhert waw elected Sihthorpian Profisxaor of 
Rural Economy in the University of Oxford, and held tit hi 
office for mx years, the full term allowed by tin? statute, lit* 
delivered during this time over seventy lectures on the result * 
of the Rot Immsted investigations; thane lent urea he hoped to 
publish, but the intention has remained unfulfilled. 

In 1885 Dr (lilhert became an Honorary Profeanor of the 
Royal Agricultural College at Uiretienater, and delivered an 
annual lecture during m year*; the leettirea were published in 
the Aiirmihuml Student^ (iaztftr. They treat in a condemned 
fora of aome of the subject* previously discussed at Oxford. 
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The transfer of the laboratory and experimental fields to 
the management of a committee appointed under Sir John 
Lawes’ trust deed of 1889 has been already mentioned. After 
this date the virtual direction of the experiments continued to 
remain in the hands of Lawes and Gilbert during their joint 
lives. For the information of the new committee Sir Henry 
Gilbert drew up a brief report on the investigations hit herto 
conducted, showing to what extent the results obtained had 
been already published, and making suggestions as to future 
work. This report was printed in 1891 for the use of the 
committee. 

The celebration of the jubilee of the Rothamsted Experi¬ 
ments in 1893 has been already described in tin* notice 
of Sir John Lawes, with the numerous honours subsequently 
conferred on both Lawes and Gilbert. Hr Gilbert re¬ 
ceived knighthood from the Queen on August IT of that 
year. 

Sir Henry Gilbert was a member of the committee 
appointed by the Government in 189(5 to take evidence 
and report on the materials used in the manufacture of beer. 
The committee presented their report to the Treasury in 
1899. 

He received many honorary degrees. The University of 
Glasgow made him LL.I). in 1883; Oxford, M.A. in 1884; 
Edinburgh, LL.D. in 1899; Cambridge, Se.U. in 18154. He 
was a life governor of University College, London; a Corre¬ 
sponding Member of the Institute of France; a Chevalier <lu 
Merits Agricole; and an honorary member of many agricul¬ 
tural societies at home and abroad. 

With a life so filled with many labours it need hardly ho 
said that Sir Henry Gilbert was possessed of a robust constitu¬ 
tion. He, however, suffered at times from over-brainwork, 
and his frequent excursions abroad were really needed to 
maintain a healthy tone. In later years he suffered much at 
times from internal pain, the precursor, probably, of his last 
illness. The death of Sir John Lawes in 1900 was naturally a 
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p-cat. shock to him. lie was fairly vigorous, however, 
during the next summer, hut was taken seriously ill during 
a visit to Scotland, and returned home with diflieullv. Hi* 
died at llarpenden on Heermher I'd, I*♦<#I, in his s'.fh 
year. 

H. WaIUV.IoY 
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CHAPTER I 

THE SOURCES OF THE NITROGEN OF VEGETATION 

To arrive at a proper understanding of the scheme of the 
Rothamsted Experiments it is necessary to reconstruct a 
little the state of the knowledge of agricultural science at the 
tijnfe they were begun in 1843. In many respects it was a 
period of considerable activity in matters agricultural; the whole 
landed interest were making great efforts towards the improve¬ 
ment ot land and stock and of methods of cultivation; great 
areas of the country were being tile-drained and rendered for 
feie flyst time suitable for arable cultivation, other poor sandy 
land was being reclaimed by marling and claying. A sign of 
the times was the establishment of the Royal Agricultural 
Society in 1838, and ih its earlier volumes, particularly in the 
writings of Dr Daubeny on the scientific side, and those of 
Philip Pusey on the practical side, a good idea may be 
formed of the point of view of the intelligent farmer of that 
date. The science of the time had just reached a point which 
enabled a general theory of the nutrition of both plant and 
animal to be formed. In the latter part of the eighteenth 
century the researches of Priestley, followed up by Ingenhousz 
aid Senebier, had settled the fundamental fact that green 
plants in sunlight decompose the carbonic acid of the atmos¬ 
phere, setting free the oxygen and retaining the carbon, this 
being the source of the carbon which makes up the bulk of the 
dry .'matter of plants. A little later De Saussure, who published 

A 


his llet'hm'ht's (JhimiqiH * sur hi in 1*01, confirmed 

the above-mentioned discoveries and gave them a coherent 
shape. He then proceeded to discuss the mineral or ash 
constituents of plants, made! a series of analyses of the ashes 
of various plants, and pointed out the importance of these 
substances in the nutrition of tin* plant. I btvy, whose* lectures 
on Agricultural Chemistry to the Board of Agriculture 
were published in JKl.'l, though he did not advance* tin* 
subject much by his own investigations, yet did much service 
in presenting to the agricultural public lb*- science that 
was then available. He laid more stress than before on 
the importance of the ash constituents and the use of 
manures to supply them, but he appears still to have com 
sidereal that, much of the* carbonaeeons matter of plants 
was directly derived from the humus of the soil, ami that 
the assimilation of carbon from the atmosphere was of minor 
Importance, 

Bonssitigaulf’s memorable work began in 1 HIM, and in J83H 
he published the result of the empiirtes ho had l»een making on 

Ida farm into the, principles underlying the rotation of crops, 
lie analysed both the manure* applied and the crops removed 
from the land, and thus demonstrated statistically that the 
source of the. enormous quantities of earl am removed annually 
can only lot the carbonic acid of tlm atmosphere, not the soil 
nor the manure* applied. In l#«t0 appeared Liebig’s famous 
report to the British Association on ** Organic Chemistry in its 
applications to Agriculture and Physiology.’* More, building 
upon the foundations laid by Do Saussttre and by Bouwtngault 
(for in this direction Liebig was not an original investigator), 
and illuminating these facts by the light of his own recent 
discoveries In organic chemistry, Liebig drew out a convincing 
scheme of the nutrition of the plant, Oreett plants by the aid 
of sunlight derive their whole substance from carbonic acid, 
water, ammonia present In the atmosphere and produced 
by decaying matter in the soli, and the simple inorganic 
salts which are afterwards found in Lite ash when the plant 
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is burned. From those simple substances the plant elaborates 
those compounds of carbon and nitrogen, such as starch, 
sugar, fat, and the proteids, which the animal requires for 
its food, and thereby reconverts into the original simpler 
materials. Liebig’s brilliant essay excited universal attention 
and roused the interest of both the scientific and practical 
men of all civilised countries in the subject, so that to 
a very large extent we can (late modern agricultural science 
from this stimulating publication. Henceforward we may 
take it that the source of the carbon of vegetation was no 
longer regarded as doubtful; it camo from the atmosphere, 
and the humus of the soil practically contributed nothing 
to it. 

The origin of the nitrogen was however by no moans so 
settled: Do Saussure had concluded that plants wore unable to 
assimilate the free nitrogen of the atmosphere, but obtained it 
from the nitrogenous compounds in the soil and from the small 
amount of ammonia which he showed to be presont in ordinary 
air. Boussingault took out statistics of the nitrogen as well as 
the carbon supplied in manures and recovered in the crops; in 
1838 he also published an account of experiments in which 
plants woro grown in pots and supplied with known amounts 
of combined nitrogen, so as to ascertain if the growing plant did 
assimilato atmospheric nitrogen. While the crop statistics 
seemed to show in certain cases a considerable surplus of 
nitrogen removed in the crops during a rotation over that 
supplied in the manure, his direct experiments, made m as 
accurately as the chemistry of the time would permit, indi¬ 
cated that plants drew only nitrogen from the soil or 
manure. 

The arguments of De Saussure and of Boussilgault were 
adopted by Liebig in his first publication; he considered the 
Source of the nitrogen of vegetation was ammonia derived from 
the decay of the previous generation of plants or brought down 
from the atmosphere by the rain. In his later editions Liebig 
somewhat shifted from this point of view and began to minimise 


4 SOURCES OF THE NITROGEN OF VEGETATION 


the importance of any supply of combined nitrogen to the 
plant; provided that t.ho soil were supplied with the mineral 
constituents removed by the crop, he argued that it would be 
able to grow luxuriantly and obtain for itself all "the nitrogen 
necessary. It is difficult now to estimate exactly the positions 
held by controversialists of more than half a century ago, 
but there can be little doubt that Liebig overestimated 
the amount of ammonia which could be obtained from the 
atmosphere, and that he and his followers, arguing from 
general grounds as to the origin of the original stock of 
combined nitrogen in the world, were disposed to believe 
that some, if not all, leafy plants tumid assimilate and fix 
free atmospheric nitrogen. 

Some little time before the publication of Liebig’s re 
port, Lawes had begun his experiments on a small scale; 
as early as 1 HU. r » he was making trials m pots at Rot It 
amstecl, and these were year by year extended to the fields 
on the home, farm, until in 1*415 the scale had so far in 
creased that he secured the co-operation of Gilbert and 
the Rothamsted Experiments m we now know them 
began. 

Cfuriously enough, at this very time, (1HI2) l>r D.mbcnv, 
some of whose lectures Lawes had attended at Oxford, was 
writing in the new Jonrml of 1/nt liot/nl Arjrit'uUur>t? Sari* ht 
about, the necessity of systematic experiments fo ascertain fin* 
value of manures: “1 know not how such experiments ran 
well ho instituted, except it bo on an experimental farm, 
established for the purpose, and placed under sejentilie band*.. 
Productive of no immediate advantage to the land on which 
they are tried beyond what could 1st equally well attained by 
a much inferior oxjwmdifure of labour, they are not likely to bo 
taken up by any private; individual who combines practical 
experience and pecuniary resources with the requisite scientific 
skill; and even if such a person were to present himself, what 
guarantee can we offer to the world that he possesses the 
requisite qualifications ? ” For it should lm rememlwjrt'd that 
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this was the period of the first introduction of what we now 
call artificial manures; the virtue of bones had long been 
known, and at Liebig’s instigation their phosphoric acid was 
being made soluble by acid, and dissolved bones were becoming 
an article of commerce. Lawes had followed up Henslow’s 
discovery of coprolites by converting them into mineral super¬ 
phosphate, and setting up the earliest manufactory of artificial 
manures. The first importations of Peruvian guano had been 
made, and nitrate of soda was also beginning to find its way 
into the country. 

With these and many other substances Lawes had been 
experimenting on a small scale, and the results of his trials 
and all his farming experience went to show that a supply 
of combined nitrogen in some form or other was not only 
necessary to the crop, but on the whole determined its 
yield to a far greater extent than the supply of ash 
constituents. Yet Liebig’s argument in the second (1843) 
edition of his report all inclined to represent the mineral 
manures as fundamental, and a supply of combined 
nitrogen as unnecessary, or at least of secondary import¬ 
ance. This question of the value or otherwise of nitrogenous 
manures supplied the main guiding principle in the design of 
all the earlier field experiments at Rothamsted, as will be 
evident when the individual fields come to be considered, and 
the controversy which arose with Liebig on the publication of 
the first reports from Rothamsted endured for more than a 
generation. Indeed the source and fate of the nitrogen of 
vegetation remained in one form or another the dominant 
interest in the Rothamsted Experiments up to the death of 
Lawes and Gilbert. 

The evidence from the field experiments that farm crops 
require a supply of combined nitrogen will be considered else¬ 
where, as also the results of the determinations made of the 
amounts of ammonia and other nitrogenous compounds 
brought down by the rain; in neither case was there evidence 
that a normal vegetation could supply itself with the necessary 
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nitrogen from atmospheric sources only. A!tempts had also 
been made to grow plants in artificial media with a known 
supply of nitrogen, which could he compared with the amount 
of nitrogen found later in the fully grown plant. Boussingault, 
to whom the first experiments of this nature wen; due, soon 
found that very elaborate precautions must he, taken to obviate 
the influx of nitrogen either in dust or as ammonia in the 
atmosphere and in the water employed, lienee in all his Inter 
experiments the plants were grown in closed eases fed w ith air 
from which all ammonia had been withdrawn by acid. Botis- 
aingault's conclusions were against the fixation of any nitrogen, 
but they were not accepted universally; in particular, Villa 
brought forward other similar experiments, in which the plant 
showed a distinct gain of combined nitrogen. In 1 Nf>7 the 
subject was taken up at Rothamsted, and a most elnhorie • 
series of experiments were carried out by 1 >r Evan l high, 
at that time working in the Rothamsted laboratory. Tie- 
experimental plants were grown under glass shades, and 
every precaution was taken to ensure the freedom from 
ammonia of the air entering the shades, ami also of tie* other 
materials—the burnt earth, the pots, the water, the manures 
employed in the experiment. 
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Table I .—Summary of the Besults of Experiments made at Bothamsted to 
determine whether Plants assimilate Free Nitrogen. 





N itrogen—Gram. 

Ratio of 




In Seed 
and Manure 
if any. 

In Plants, 
Pot, and 
Soil. 

Gain or Loss. 

recovered to 
Nitrogen 
supplied. 

With no combined Nitrogen supplied beyond that in the Seed sown. 



r 

r 

Wheat 

0-0080 

0-0072 

- 0-0008 

0*90 



1857 4 

Barley 

0*0056 

0-0072 

+ 0*0016 

1*29 



1 

Barley 

0-0056 

0*0082 

+ 0-0026 

1-46 

Graminese . < 


1858 J 

Wheat 

Barley 

0-0078 

0-0057 

0-0081 

0 - b 058 

+ 0*0003 
+ 0*0001 

1-04 

1-02 



l 

Oats . 

0-0063 

0-0056 

- 0-0007 

0-89 



1858 | 

Wheat 

0-0078 

0-0078 


1-00 


l 

Oats . 

0*0064 

0-0063 

- 0*0001 

0-98 

r 

1857 

Beans 

0-0796 

0-0791 

- 0*0005 

0-99 

Leguminosae. 4 

1858 | 

Beans 

0-0750 

0-0757 

+ 0-0007 

1*01 

l 

Peas . 

0-0188 

0-0167 

- 0-0021 

0-89 

Other Plants . 

1858 

Buckwheat 

0*0200 

0*0182 

- 0-0018 

0-91 

With combined Nitrogen supplied. 


r 

( 

Wheat 

0-0329 

0-0383 

+ 0*0054 

1*16 



1857 4 

Wheat 

0*0329 

0*0331 

+ 0-0002 

1*01 



Barley 

0-0326 

0*0328 

+ 0*0002 

1-01 



1 

Barley 

0*0268 

0-0337 

+ 0*0069 

1-25 

Gramineae . -< 


f 

Wheat 

0-0548 

0*0536 

- 0*0012 

0-98 


1858 4 

Barley 

0-0496 

0*0464 

- 0*0032 

0-94 



l 

Oats . 

0*0312 

0*0216 

- 0*0096 

0*69 



( 

Wheat 

0*0268 

0-0274 

+ 0*0006 

1-02 



1858 \ 

Barley 

0-0257 

0*0242 

- 0*0015 

0*94 


l 

( 

Oats . 

0-0260 

0*0198 

- 0*0062 

0-76 


1858 | 

Peas . 

0-0227 

0*0211 

- 0*0016 

0*93 

Leguminosae. 4 

Clover 

0-0712 

0*0665 

- 0*0047 

0*93 

{ 

1858 

Beans 

0-0711 

0*0655 

- 0*0056 

0-92 

Other Plants. 

1858 

Buckwheat 

0*0308 

0*0292 

- 0*0016 

0*95 


These results seem to exclude the possibility of any 
fixation of nitrogen by living plants, and as they had been 
obtained with plants of three different natural orders, and both 
without and with manure to induce an initial vigorous growth, 
for many years the whole trend of scientific opinion was against 
the possibility of the fixation of nitrogen by living plants. 
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There remained, however, a number of fact h difficult to 
account for: although laboratory experiments similar to those 
just described, but resulting in a gain of nitrogen, could he din 
missed ns vitiated by the many possible sources of error, yet 
this statistics of the nitrogen collected by various crops could 
not be explained in any such fashion. It lias already been 
mentioned that Roussinganlt. made out a balance-sheet of 
nitrogen supplied in manure and removed in crop during 
different rotations ; he found that while in a rotation of wheat 
and fallow alone the wheat contained rather less nitrogen than 
wan applied as manure, yet other rotations in which clover was 
included, and particularly a five years’ continuous cropping 
with lucerne, gave a large surplus of nitrogen renam'd over 
that supplied, Similar evidence was accumulated at Rot limit 
stcd and was made more cogent, by flu* analysis of tin* soils, 
which showed not only no decrease but an actual gain of 
nitrogen during the period when the leguminous crop was 
producing such large ijuant-itim of nitrogenous matter above 
ground. Tims when the various erops were grown eon 
tiiuiously with mineral manures * but without any supply of 
combined nitrogen, the following average amounts of nitrogen 
per acre were taken away : 

Tailf.K tb Af'-fOfi' tf p*s wt* hy t’n>jp < 

ijftmm rm*hp4if§ J/iiirml Jit i if it 


Whmt . 
tfurkf * 
K<**t €m§m 
I limits 

I Clover • 


| §#r §*pt, j 


if fear* * , * 

ti fmm * , * * 

HO ymn * 

*4 i J# Hf?i* i*f ifcilR ll f i*t\bm „ 

Ti jrtr*# i ©iff , 


14*. 

Ti*t 

tm 

MP4 

n»*i 

«»*« 


In a comparison of the alternate wheat and fallow plot# 
with the adjacent plots continually tinder leguminotse plants, 

*Tbe term mineral nunam will im tare) thnMigfiottl for mi attire* of the 
enmUtnents foond In the aril of plant*, »V., |»fco»|4ta!to, K«t}i|i»tr» #mt rhlornJr* 
of serifuia, |x>tiu»rium, catdwai ual ntagorriutti, !»wl ilwip rKtlmUun Bitr»*#o 
tn anyferm. 
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the following comparative figures were obtained after both had 
been under a similar treatment for many years. 


Table III. — Nitrogen in Crop and Soil. Leguminous Plants compared 
with Wheat and Fallow. Hoos Field. 



Unmanured 

Mineral Manures only, 80 years. 


Wheat 

and 

Fallow 

alternately. 

Trifolium 

repens. 

Melilotus 

leucantha. 

Modicago 

sativa. 


Lb. 

Lb. 

Lb. 

Lb. 

Average Annual Removal of Nitrogen, 8 years 


33 

71 

110 

(1878-85). 

12 

Nitrogen per cent, in Surface Soil in 1885 

0*1021 

0*1269 

0*1151 

0*1219 

Nitrogen as Nitric Acid in Soil and Subsoil to 





the depth of 9 feet, lb. per acre, 1885 

\ 

42 

101 

79 

17 


In another experiment in Little Hoos Field, after five years’ 
cropping by cereals without any nitrogenous manure, in 1872 a 
portion of the field in barley was sown with clover; in 1873 
this portion carried a clover crop which was cut three times, 
the other portion which had not been sown with clover was 
again cropped with barley. Determinations of the nitrogen 
removed in 1873 showed 151 lb. in the clover crop and 37 lb. 
per acre in the barley crop respectively. In the following 
year (1874) barley was again sown over the whole area, but the 
barley crop which followed clover took away nearly twice as 
much nitrogen as that which followed barley, although this 
had contained less than the corresponding clover. Yet an 
analysis of the soil immediately after the 1873 crop had been 
removed showed more nitrogen in the land where clover had 
been growing than where the barley had been growing, as 
shown in Table IV. (p. 10), where all the results are summarised. 
In yet another experiment, land which had previously 
grown beans and then been fallow for five years was sown 
with barley and clover in 1883, the clover being allowed to 
stand in 1884 and 1885. At starting, the soil was analysed; 
the surface 9 inches contained on an average 2657 lb. per acre 
of nitrogen, while of nitrogen as nitric acid the soil only con- 
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tained 25 7 lb. per aero down to a depth of 0 feet. A 
result of the throe years’ cropping with barley and clover, 
then with clover only, an average amount of 1510 ”5 II 

Taiilk IV.— Nitnujai amm ulaied hy 1'Iurc.r CV<y<. 

Lit tit ? Ifni is Field. 


1K73.j Burley, s',' Clmvr, 1 M -3 i 

JH74.: Burley a Barley, | 


I Nilntgyn j«*r cent, in Soli nt eiii! <if 1 »*3 . j 0’1 ll<; lej.Wfl ! 

nitrogen was removed, yet the soil contained, on atmlysb 
the end of the experiment, 2H‘V2 lb, of nitrogen per acre in 
top ft inches, ora gain of I7f> lb. per acre in tin* threo ym 
making a total, with the crop removed, of nearly f»O0 lb 
nitrogen per acre to be accounted for. 

Experiments like these, eonpled with the hmg experiena 
practical farmers* of the henefieial effects of the growth 
clover and other leguminous plants on the succeeding cr 
in a rotation, led many men to think that there still rid 
bo fixation of nitrogen by leguminous plants, in spite of 
apparent excitation of any such hypothesis by I high's exp 
monte at Rothaimsted. Voelekm*, in England, when discuss 
the power of a clover crop to accumulate nitrogen, ex pres 
the opinion that the atmosphere furnishes nitrogenous food 
that plant; in France it was maintained by Villa; llertht 
also brought evidence to show that the soil itself, by the , 
of microscopic vegetation, assimilated some free nitrogen. 

# Vergil, 73; - 

u A tit Ibl fintu mtm % mutato whlrre, firr* 

Uncle prim lai*tiiw dliqm <|ii«Ei«ist«* 1 rgtmtrtt 
A tit teiiil* foettut ffclite, Itijtltil 

Su*tt»leris fmgfle* euHnnum, nyhxmqm mnmtem* 4 * 

# Or f eiidtp n ehatig^l «tar # f«i will then mm tht* jg*44*ft wheat* wfir 

tiiriitf you took mw ay Hit bmm, tmurimt with quivering pad, or Iftt gmmti 
th« ttettdter fetch, «ctd tie fmgiU* unit ni*tli««g dT tht Mi 

fap&B ” 





Lawcs and Gilbert themselves wit.' disposed t*i lu.,k to dm 
subsoil as the source of this excessive amount of nitrogen, ami 
were conducting experiments to ascertain whether the wi.ieiv 
ranging roots of the* leguminous plants, in virtue ot their higltiy 
acid sap, did not possess some special power of at lurking the 
dormant nitrogenous compounds in the subsod, when tin* 
clearing up of the whole subject came with tin* publieation, in 
1886, of the researches of Ileliriegel and Wiitarth. I h«**.«* 
investigators found that when plants were grown it* sand and 
were fed with nutrient solutions, the (Jratninm*, the t rueifi-ne, 
the (ihenopodiaeea*, tin* l*ohgo«e;e, grew almo.it piop<utiun.dh 
to tins amount of eoinhined nitrogen supplied ; and, it thi ■ w < »*• 
ahsont, nitrogen starvation set in as soon a■ the nit r«<g'‘ti ,»i tie 
stted was exhausted. With the lugumino sr, however, a plant 
was observed sometiines to recover from the *tage *4 nitrogen 
starvation and begin a luxurious growth which lasted until 
maturity, though no combined nitrogen was supplied. In stteh 
eases tint root of the plant was always found to he set with the 
little nodules ehuraeteristic! of she roofs of legumimni* plants 
when growing under natural conditions. Further experiment.•» 
were made in which the plants were grown in sterile sand, lad 
as soon as the stage of nitrogen hunger was reached, a small 
portion of a watery extract of ordinary cultivated soil was 
added ; whereupon the plants receiving the extract ret uv» ><d 
from their nitrogen starvation and grew to maturity, a^duulat 
ing considerable quantities of nit rogen. The renewed growth mid 
the assimilation of nitrogen were* always found to he attendant 
upon the production of nodules on the roots. The nodule* 
were found to be full of bacteria, to which th** name of 
Umillm rmlieimht has been given; they could only be pro 
dtieed by previous infection, cither by an extract of tie* 
crushed nodules or of a cultivated soil, in moum* en^s 
(lupins, somwlelln) only by soil which had previously carried 
the same crop, 

Gilbert had been present at the meeting of the Niiturforachcr 
Versammlung at Halle when liellrfegel and Wilfarth read their 
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paper, and on his return to England experiments were 
immediately begun at Rotlmmsted to cheek their results. 

A series of small pits were built up of slate slabs out of 
doors, and these were tilled with either soil or washed sand and 
then sown with various leguminous plants, which were after¬ 
wards inoculated or not as desired. The growth was cut away 
for the determination of dry matter produced, and the nitrogen 
collected ; afterwards tins roots were washed out from the soil 
or sand for the examination of the development- of tin* nodules. 

A more rigorous set of experiments were carried out in 
glazed stoneware pots in the glasshouse, ami some of the 
results obtained are set out in Table V. (p. 13). 

The table consists of a balance-sheet for the nitrogen only, 
in which the nitrogen supplied, cither in the seed, in tin* sand 
or soil used, in the extract employed for inoculation, or in a 
few cases in the manure, is compared with that reeovered in the 
soil or the plant. The first horizontal line foreaeh plant shows 
the results obtained when there was no inoculation and the 
plant grew w ith simply the store of nitrogen present in the seed 
and what, it could obtain from the soil *, the m/ond and third 
lines show the results of inoculation, both seed and soil being 
otherwise similar; the fourth line shows the result when 
the seeds were sown in ordinary soil. 

It is needless to elaborate the results thus obtained ; they 
confirmed, as has repeatedly been done since, the conclusions 
of Hellriegel and Wilfarth, and showed that the leguminous 
plants possess the power of “ fixing ” nitrogen under ordinary 
conditions of field culture by the agency of the bacteria living 
in the nodules on their roots. 

The very rigour with which the earlier laboratory experi 
moots, like those at Rotliamsled on peas and beans in l«57 •*, 
had been curried out, had prevented any fixation of nitrogen 
by excluding all possibility of inoculation. 

The interpretation of the increased stock of nitrogen 
obtained with leguminous crops, which, ns instanced above, 
had hitherto been so difficult of explanation, at once became 
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apparent, and the long controversy as to the sources of 
nitrogen in vegetation was thus closed by a vindication of 
both schools of opinion. 

Table Y. 


Plant. 

Pot No. 

Duration of 
Experiment. 



Nitrogen. 




At Beginning. 


At End. 


Gain or Loss of 
Nitrogen. 

Nitrogen of 
Infected Plants to 
Uninfected = 1 . 

In Soil, 
Soil- 
Extract, 
and 
Seeds. 

Total. 

In Sand 
or 

Soil. 

In 

Pro¬ 

duce. 

Total. 





Annuals. 







Wks . 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grains. 


( 

1 

15 

0*0265 

0*0265 

0*0090 

0*0125 

0-0215 

- 0*0050 


J 

2 

15 

0-0273 

0-0273 

0-0108 

0-1475 

0-1583 

+ 0*1310 

ii*8 

Peas . < 

3 

15 

0*0270 

0-0270 

0-0162 

0*1825 

0*1987 

+ 0-1717 

14*6 

{ 

4 

15 

6*9422 

6*9422 

6-8817 

0-2075 

7-0892 

+ 0-1470 


r 

9 

15 

0-0137 

0-0137 

0-0184 

0*0065 

0*0249 

+ 0-0112 



10 

15 

0*0141 

0*0141 

0*0260 

0*1651 

0*1911 

+ 0-1770 

25*4 

Vetches . 4 

11 

15 

0*0139 

0*0139 

0*0230 

0-1868 

0*2098 

+ 0*1959 

28*7 

l 

32 

15 

7*5966 

7*5966 

7*3052 

0-2087 

7-5139 

- 0-0827 


f 

17 

21 

0*0375 

0-0375 

0*0551 

0*0153 

0-0704 

+ 0-0329 


Yellow I 

18 

21 

0-0378 

0-0378 

0*0523 

0*4980 

0-5503 

+ 0*5125 

82*5 

Lupins | 

19 

21 

0*0380 

0*0880 

0*0594 

0*4914 

0-5508 

+ 0*5128 

82-1 

l 

20 

21 

6*0408 

6*0408 

6-7883 

0*2146 

7-0029 

+ 0*9621 





Plants of Longer Life. 




( 

5 

77 

0*0082 

0*0082 

0-0273 

0*2094 

0 - 2367 $ 

+ 0*2285 


Red Clover -J 

6 

77 

0*0089 

0*0089 

0*0312 

0*2885 

0-3197 

+ 0-3108 


7 

77 

0*0083 

0 - 2381 * 

0*0323 

0-2986 

0 - 3309 + 

+ 0-0930 


l 

8 

77 

6-4274 

6-4274 

6*3198 

1-7288 

8-0480 

+ 1-6212 


( 

21 

68 

0*0231 

0*0231 

0*0200 

0-0030 

0-0230 

-o-oooi 



22 

75 

0-0247 

0*0247 

0*0514 

0-3589 

0-4103 

+ 0-3856 

119*6 

Lucerne . -J 

23 

76 

0*0236 

0 - 3278 * 

0-0371 

0-4307 

0 - 49171 - 

+ 0-1039 

143*5 

[ 

24 

76 

17-4983 

17*4983 

16-8141 

1*2345 

18-0486 

+ 0-5503 

... 

. 

33 

131 

0*0110 

0*0110 

0*0148 

0*0016 

0-0164 

+ 0 0054 


White 

84 

131 

0*0119 

0*0119 

0-0575 

0*7098 

0-7673 

+ 0-7554 

443*0 

35 

131 

0*0120 

0*0120 

0-0482 

0 * p 465 

0-6947 

+ 0-5827 

341*6 

Clover 

36 

131 



5-3423 

3-4720 

8-8149 

,, , 

... 

■ 

37 

131 

0*0081 

0 * 6746 * 

0-0459 

0*4480 

0 - 6754 + 

+ 0*0008 

... 


* Including Calcium Nitrate, added as follows Pot 7, 0*2298 gram.; Pot 28, 0*8042 gram.; and Pot 87, 
0*0605 gram. . 

f Including also the following amounts of Nitrate recovered :-rPot 7, none; Pot 28, 0*0289 gram. ; and 
Pot 37, 0*1865 gram. I Accidentally inoculated. 


Lawes and Gilbert were perfectly correct in maintaining 
that the ordinary green plant has no power of fixing nitrogen, 
but the whole class of legumfaous plants form an exception 
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when grown under ordinary field conditions, for then they 
become collectors of atmospheric nitrogen in virtue of tlm 
nodule bacteria wit h which they are associated. 

Without doubt, Hellriegel and Wilfarth’s discovery came as 
somewhat of a disappointment to the Rothamstod investi¬ 
gators; although the statistics they had accumulated form to 
this day the best demonstration of its truth cm a field scale, 
still they had ho long and so rightly upheld the necessity of 
combined nitrogen to the nutrition of the? plant, that to have 
to concede the point in issue!, as far even us the leguminous 
plants were concerned, could not have been welcome. Indeed, 
Liebig’s idea having thus triumphed in the one special ease, 
his most sweeping generalisation was justified that it is the 
function of plants to manufacture the complex nitrogen com 
pounds from elementary nitrogen, just as they do the rarhoti 
compounds from the carbon dioxide in the atmosphere. These 
complex nitrogen and carbon compounds are necessary to 
animals, which derive their vital heat ami energy by breaking 
them down again into tlm simpler materials used by the 
plant. In this eternal cycle Liebig had placed nitrogen 
alongside of carbon, anti though the statement may he true 
.only of the particular leguminous plants, it m true, in a 
general sense, in that these plants (or rather the bacteria 
wuh which they are associated) are probably the original 
sources of the world’s stock of combined nitrogen. 

HurwowM 
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of Free Nitrogen." Agrirafiaraf Slmteatu' Hostile, New Seri**, 6. 
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CHAPTEE II 


METEOROLOGICAL OBSERVATIONS 

The rainfall has been measured at Bothamsted since February 
1853 in a 5-inch funnel gauge and in a rectangular gauge 
(7 feet 312 inches by 6 feet), having an area of one-thousandth 
acre. 

In addition to these gauges, an 8-inch Board of Trade 
gauge has been employed since January 1881. 

The ground on which the gauges are situated is 420 feet 
above the sea-level; it adjoins the Barn Field (continuous 
root crops), and is at a slightly lower level than the Broadbalk 
and Hoos fields. 

The amount of water percolating through bare soil has 
been measured since 1870 by means of three drain-gauges, 
each having an area of one-thousandth acre. These were 
constructed by undermining the soil at the desired depths—20, 
40, and 60 inches respectively—and inserting perforated iron 
plates to support the soil. When this was completed, trenches 
were cut round the blocks of soil, and these were then 
isolated by means of brick and cement walls. The external 
soil was then returned. The percolating water falls on to 
zinc funnels, from which it passes to the measuring cylinders. 

Barometric and temperature records have been kept since 
1873, and since July 1891 daily observations of the bright 
sunshine have been made by means of a Campbell-Stokes 
recorder. 

The average yearly rainfall as measured at Eothamsted 
during the last fifty-one years, 1853-1903, is 28'21 inches. 
This is higher than the average in Hertfordshire (26-33). 
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As regards years of exceptional rainfall, cither low or high, 
the records show five years in which the rainfall was less than 
21 inches the lowest was 18T>0 in I HO I and three years in 
which it was more than tin inches the highest recorded being 
38*00 inches in 1003. More prolonged periods of wet occurred 
in 1875 and 1870, and in 1H70 and 18*0, when 00*34 and 70 (1 
inches fell in two consecutive years. The nine-year period, 
1875 to 1883 inclusive, was an exceptionally wet one, each 
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individual year giving a fail of more than 30 incite.-*, and 
averaging 33*54 inches uvcr tin* nine year*, Exceptional 
periods of <lrought extending over two years arc lent, frequent, 
and the lowest averages of two consecutive yearn are HI *7 in 
1803 and 1804, 22‘1 in 1001 and 1003, and 33 3 in 1*70 and 
1871. The longest consecutive jteriod of years showing under 
average rainfall was the five years 1*07 1*71, when the fads 
ranged from 21*3 to ‘2011 inches, and averaged over the five 
years 24’84 inches. 

In Fig. 1 curves are set out showing the average rainfall, 






















mean temperature, ami duration of sunshine from month to 
month. 

The greatest average rainfall (see Table VI.) is in < >Hohm\ 
316 inches, followed by 27»7 in November, while, in Iteeember 
and January the amounts decline to 2'3I and -'3.) inches 
respectively. From February to August inclusive there is n 
gradual rise from 178 to 21,7 inches, but it. declines to 2 cl 
inches in September. 


TaHLK VI. Mrtt Sma 


January. 
February 

March . 

April 

May 

June 

July 

August . 
September 
October # 
November 

December 


Whole year 


Halnfall. 


Average, M yean 


Ilalisy Pay*. 


Total 


Fall. : 

I 

Actual . 1 

; 

For 
rent, 

lur,lien. 

1 


2*38 ■ 

Id ! 

fdi 

1-78 : 

Ill r 

47 

1-81 i 

13 } 

42 

1*811 ; 

ia ! 

HI 

2'22 

n ! 

V* 

21111 

; 12 

41 

2 *r»H 

; 13 

13 

2*117 

, n 

It 

2 f» I 

s i*i 

If 

:hii 

lh 

*»? 

2f 7 

17 

iCt 

2*31 

111 : 

Ik! 

28*21 

171 i 

47 


I 



'I e, 


% * . ’•*' • '9>t 

iI , • » ti 



,lt » 

4 


%i A 

is 


i . ,* 

, 

f 


j T 

r $ > i 

11 '4 


,13 ’ i 

4-‘ "* 

4- 1 

!'* 

id ** 

,11 •' 

11 

r* *2 


2 1 

if 

* < si 

**V r 

:»I *7 

* '* V 

V 

11 ’ I 

i ■« 


IV *1. 

< I ? 

2 2 

II *1 

1 • - 

ft* 

>; 

y-.i 

ft'.' ‘ 

r:T 

yj *i 

1 '' 

}•* 1 

1 '♦ 2 



The average numl>er of rainy days (with 0 01 inch or mure) 
does not vary very much ; the greatest is, like the rainfall, 
in October, and the lowest in June, Thu total number of 
rainy days in an average year amounts to loss than JO per cent, 
The maximum amount of sunshine occurs in July {*217 
hours, or 44 per cent,). There is a slight decrease in Angn-t 
followed by a very rapid decrease, until November. The 
minimum (43-2 hours, or is per cunt.) in reached in 1 »eeetnlw*r, 
after which there is a continuous increase until the maximum in 
July. As regards percentages of possible sunshine, th»* high** .! 

it 
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(45 per cent.) occurs in August, which is closely followed by 
July, September, and April, with 44, 43, and 42 per cent, 
respectively, and May and June with 41 per cent. Of the 
remaining months, March and October (32 per cent.) have the 
highest, and January and December the lowest percentages 
(19 and 18) of possible sunshine. In the whole year we have 
an average amount of 1586 hours, or not much more than a 
third of the actual sunshine above the level of the clouds. 


The Amounts of Nitrogen as Ammonia and Nitrates, Chlorine, 
and Sulphuric Acid, in the Rain-water at Rothamsted. 

At the time of the commencement of the Rothamsted 
Experiments very little was known as to the amounts of com¬ 
bined nitrogen and other substances present in rain-water. 

The presence of ammonia, both in the atmosphere and in 
rain-water, was well known, but, owing to the imperfections of 
the methods of analysis then available, somewhat exaggerated 
ideas prevailed as to the amount. Liebig considered that the 
atmosphere was able to furnish the average crop with sufficient 
ammonia for its development, hence followed his celebrated 
“ mineral ” theory that to add to the soil the ash constituents 
of a crop would be a sufficient manuring. As this opinion of 
Liebig’s was strongly contested by the Rothamsted investi¬ 
gators it was necessary to make accurate measures of the 
combined nitrogen brought by the rain. 

The earliest analyses of Rothamsted rain were made in 
1853-4, and were restricted to determinations of the nitrogen 
present as ammonia. These were followed in 1855-6 by 
determinations of ammonia and nitric nitrogen made by 
Professor Way. No further analyses were made until 1877, 
when monthly determinations of ammonia were recommenced. 
These were continued with some interruptions until December 
1885, and again resumed in December 1887 and February 
1888, since which time ammonia has been regularly determined 
each month. Nitric acid has been determined uninterruptedly 
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since September 1880 (for the first few months by Sehloesing's 
method, and subsequently by Williams’ zinc-copper couple 
method). 

In addition to the analyses of monthly samples of min, » 
large number of single samples have been analysed at 
Ilothamsted, as well as about, eighty samples by the late Sir 
E. Frankland* 



It will be convenient, for the purpose of summarising tin* 
results relating to nitrogen, to confine attention to the fifteen 
years 1880-1003, as during that fmrbd regular determinations 
both of ammonia and nitrates are available. 

In Table VIL will bn found tin* average monthly rainfall 
for the period in question, the amount of nitrogen ns ammonia 
and as nitrate (or nitrite), also the chlorine, all expressed both 

* See the Sixth Report of the River** I'olluth/i. Onriiiiiwh.ii, Jj.fi. 
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an parts per million ami as Hi. per aer<\ < Hlor columns dtow 
the relative proportions of tin* two combination' of niir>»gen. 

Reference to the tal»1«* will show that th>* avita^' amount 
of nitrogen in thn two forms is 3 - 97 lh. p<*r a«*r»* p**r annum, 
and that, most of tin* nitrogen is in tin* form of ammonia, 
tho nitric nitrogen representing only throe-mmh* of *h<’ whole 
Tins monthly variations show little r«*gnlurif \ * iili-r in tin- 
total nitrogen or in tin* relation of ammonia to nitrates, ft p 
however, of interest to note that in tin* period \pj il ?>> 
Sisptomhor, during whieh tin* rainfall j - h* then h-lf '.!• total 
for the year, the rain eontains mop* nitrm'* o th **i in tin- six 
months Oetoher to Mareh, otnl that ’In- amt**f;of niffm 
nitrogen is nearly the same in both jnol-, tin* , in tin* 

warmer peri* ds being mainly dm* to nmuemia. 

When we compare the yearly awem> e of i.:*r<»m*i< 
in the min, tin* variations are no? found *•» b- -.'r* at, and 
seem to have little if any relation to tie* rainfall Tie hi dir ? 
result corresponds with the hrdie i ramhdl it - I lh in 
1903); hut the minimum result Cl "0 lh, i war. *.*bf;dm*d 
in 1890 , when the rainfall amounted to 717* helm >, With 
one of the lowest rainfalls of tin* p**rh»d. b<nv<*\<r -go ;t»57 »m h*'« 
in 1902), we get nearly the maximum amount of nit rog< u, \i/ , 
4-073 lb. 

ft must he home, in mind that the nitrmmu in the forms of 
ammonia and nitrates does not represent the who!** amount 
supplied to the soil, Frank land's remit j *3*owvd that the 
rain contains besides tin* nit rope n in tie*-*" form* a emtfiin 
amount of organic nitrogen, eijual to about ot.e third of tie* 
nitrogen as mmnonia ami nitrates. So that we may ronddei* 
that the average annua! rainfall at Hot hummed contains 397 
plus 1*3, or about ft lh. of total nitrogen p<*r acre. 

Tint amount of ehlorine, in flat monthly -ample* of rain hu* 
been determined at Kothamsted since 1877, The average 
amount over the whole year is 2*HS per million. The minimum 
amount is in the July min (1 *09 per million), «t»d the 
maximum (4*17 per million) in the January rain. Tin* 
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falls and rises in the intermediate months with 
.ut>le regularity, the only break occurring in the 
rain, which contains more chlorine than the rain 
a IF ebruary. The total chlorine is equivalent to 25'3 lb 
ion salt per acre per annum. Of this amount, 17 0 lb. 
bmted by the rain falling from October to March, and 


T^A-BLE VIII .—Comparison of Maximum and Minimum 
Precipitation of Rain and Chlorine. 



Rainfall. 

Chlorine. 


Inches. 

Lb. per acre. 

Maximum Rainfall (1903) 

38-69 

19*99 

Minimum Rainfall (1898) 

20-49 

16*33 

Maximum Chlorine (1903) 

38-69 

19*99 

Minimum Chlorine (1890) 

24-78 

10*21 


(8 "3 lb.) by the spring and summer rains (April to 
ler). This difference is all the more striking as 
all of the two six-monthly periods is almost the same, 
yearly amounts of chlorine per acre vary considerably, 
variations depend more on the distribution of the 
laving the year than on the total fall, 
ecent determinations of sulphuric acid in rain-water 


TIX .—Sulphuric Add and Chlorine in Rain-water collected at 
Rothamsted. 


181 -T. 

Rainfall. 

Per million. 

Per acre. 

SO, 
to l 01. 

CL 

SO s . 

CL 

S0 3 . 

sm.t>er . 
areli 

Inches. 

13*90 

16*05 

1*31 

2*89 

2-77 

2-39 

Lb. 

4*11 

10*51 

Lb. 

8*71 

8*70 

2-12 

0-83 

ole year 

29*95 

2*16 

2-57 

14*62 

17*41 

1*19 


n. made at Rothamsted, but a summary of the results 
in 1881-7 is given here to complete the record, 
ence to the Table (IX.) will show that the rain 
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contains on the average 2T>7 per million ot sulphuric acid 
(as »SO ;i ), and that the total annual amount per acre is 
17-41 lh. The most noteworthy result is tin; elnse agreement 
between the amounts furnished hv the summer and winter 
rain, especially in view of the great variations in the chlorine. 

In conclusion, it. may be pointed out that the rain falling 
at Rot.hamsted contributes to tin*, soil enough chlorine and 
sulphuric acid to meet the requirements of most crops. 

Proportion of Hoi u foil prrrttUiti no throwjh fhtrr Soil, 

Alongside the large min gauge, three percolation or drain 
gauges were, constructed in 1 h 70. Portions of the undisturbed 
soil, each one-thousandth of an acre in area, were isolated 
from the surrounding soil by digging trem-he* and building 
brick and cement walls round the blocks of *«>il dm-, exposed. 
Thu blocks were then undermined, and eventually carried 
upon bars and plates of iron perforated to enable the pereolat 
ing water to find its way into the eollerfing funnel beneath. 
Thus in the mid three blocks of undisturbed soil were 
obtained, each one-thousandth acre in area, 20, 40, and <50 
inch us in thickness respectively, entirely isolated from the 
surrounding soil, and the rain-water percolating through each 
block is collected separately and measured like the rainfall. 

Table X, shows the, average results obtained during the 
thirty-four years IK71 11*04. 

it will he seen that the three different thicknesses of soil 
yield practically the same, results, it being diliieiilt to account for 
the small hut constant difference* which occur, t bt the average, 
about half the annual rainfall percolates through the, gauges, 
ami about one-half is evaporated. It should he borne in mind, 
however, that the surface of the soil in these gauge* Is kept 
free from vegetation of all kinds, si* that there, is no drying 
effect due to the crop, Again, as communication between 
the subsoil and the soil of the gauges is cut off, all capillary 
movements of water, both downwards during rain and back 
again during periods of drought, are stopped at a certain point, 








proportion of rainfall ~:s 

thus affecting both percolation and evaporation l»\ uiiknown 

amounts. 


TaiiIiK X. — Jltifti/tifi and Ih'tn a ay* at Hath** ami* *i, 
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CHAPTER ill 

TIIK r*IMPOSITION op THE IKiTHAMSTKh SOIL 

Tin; Rot hams! ed soil was described by Luwos in th<> first paper 
ho contributed to the Junnt il <>f th<' A>jrt<'Hl(ur’fl Stu’irf/f 

in 1H47, as follows: “The soil upon which my «*xjM‘ri*ii**ntH 
were tried consists of rather a heavy loam resting upon eh,-ilk, 
capable of producing good wheat when well manured ; not 
Huliiciently heavy for beans, but too heavy for good turnips or 
barley. The average produce of wheat in tie- neighbourhood 
is said to be less than L'2 bushels per m-re, wheat b< jug grown 
once in five years. The rent varies from *JOs, to *.hb, per acre, 
tithe fret*,’’ 

The geological eharaefej* of the Rothamsted soils has been 
thus described by Mr H. Ik Woodward, F.R.S, : “The geology 
of the Rolhamsted estate is eomjHU'a lively simpl", f’hulk 
forms the, foundation oft he entire area, but it is expos'd only 
on the slopes. The plateau ground is covered with a very 
mixed deposit of clay with-flints, with remnants of the mottled 
clays, Hands, and pebble-beds of tin* Heading series, and also of 
remnants of drift gravel. The low grounds are occupied by 
valley gravel." 

“ The experimental fields belonging to the Igiwe* Agricul¬ 
tural Trust are entirely on the mixed deposit of day-with 
Hints, etc." 

“ The chalk, which is extensively 1 piped,’ appear* here and 
4 there in irregular pinnacles near the surface. It w usually lined 
with stiff red or dark brown clay-with Hints, the joints in 
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the clay, and also the Hints, being blackened In manganese 
oxide. Masses of this stiff elay-with-flints form tin- subsoil in 
places; elsewhere light, sands or rod loamy Hands with or 
without black flint, pebbles, or masses of pebbles alone, form 
the immediate subsoil; again, grey or mottled elny or loam 
with occasional pebbles or free from stones, or w it h a gtavelb 
pocket here ami there, extends for some distance, immediately 
beneath the soil. These aeeunudat ions oeeur in irregulm 
juxtaposition owing to the piped surface of the chalk, and in 
places there is a kind of marl formed on the slopes by the 
weathered rubbly chalk mixed with earth.” 

“Covering these subsoils there is a soil of grey flinty or 
pebbly loam, 10 inches or more in thickness, and varying in 
eharacl er according to the number of stones in it; in some 
cases rough and unworn flints prevail, elsewhere there is an 
admixture of pebbles; and over some areas the soil consists of 
loam with comparatively few stones. In all eases, excepting 
on the chalk slopes ami in the valley bottom, the soil is to be 
regarded as a heavy mixed soil, for the subsoil is in lie- main 
a heavy clay ; and were it not for the fact that the chalk here 
and there approaches very near to the surface of (he higher 
grounds, the land would he much wetter after rain than is the 
case. These underground pinnacles of chalk, and the pocket s 
of sand and gravel, net as dumhwells for the surface 
drainage.” 

Notwithstanding the irregularity of the subsoil, the 
agricultural character of the soil is fairly uniform all over the 
estate; some fields work rather more heavily than otlaws, and 
the proportion of stones lying on (lie surfaee varies somewhat, 
but these differences are comparatively unimportant. The soil 
passes into the subsoil without any sharp line of distinction, 
and the distribution of flints in tint subsoil is very irregular, 
while the solid chalk is reached at depths varying between * 
and 12 feet. 

The following Table (XI.) shows the mean results obtained 
for the weight per cubic foot ami tins weight per acre of stones 
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and fine earth fur successive layer.-, 0 inches thick, down to a 
depth of IJ feet, cm each of the chief experimental fields: 
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The mnclmtih’id aimlyscs ft et, out in T ilde XII. show that 
the Kothainsfed soil is hurly nniform in the dtllerejit fields, nnd 
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consists essentially of a heavy loam containing little coarse sand 
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or grit, but a considerable amount of fun* sand sum! .-nit and a 
largo body of clay. In consequence, the. soil has to be worked 
with caro, becoming very sticky and drying to impracticable 
clods if moved when wet. It “runs together" if liea\y rain 
falls after a tilth has been established, and then dries with n 
hard, unkindly surface, these diflioult ies being much exaggerated 
on the plots which have been fanned for n long time without 
any supply of organic matter in the manures, 

The chemical analysis of the b’ot hamsted soils differs very 
much from plot to plot according t,u the lung continued munu 
rial treatment which has been given to each plot, But, every 
thing points to the fact that the soil was of an ordinary type 
when the experiments began, certainly no richer in dormant 
plant food than the majority of fairly heavy soils in this country. 

The following table gives the results of analyst's (made by 
Dr B. Dyer as regards t in* mineral const it uents) of sample* 
drawn from the Broadbalk wheat soils in 1*1K1: 
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the earliest, samples available (1H."><J) show more than 5 per 
cent, in the surface soil of Broadbalk field. This amount is 
always being reduced by the action of the rain washing it away 
as calcium bicarbonate; it is still more rapidly reduced by the 
action of many of the manures applied, particularly by the 
ammonium salts, so that, at the present time there is only about 
2 per cent, present, on any of the plots. In other fields less is 
to be found, practically none at all in the soil of sonic parts of 
Agdell and of the Park. The subsoil below the depth of {» 
inches also contains little or no calcium carbonate, ami this 
fact together with the varying proportion in the surface soil 
indicate that the original soil was almost devoid of calcium 
carbonate, and that tint quantity still found in the surface soil 
has all been applied artifieially. We rend, indeed, that the 
ehief form of manuring known to Hertfordshire farmers in 
I he eighteenth century consisted in digging pits through the 
clay soil until the chalk was reached, extracting chalk and 
spreading it over the land, and all of the Uothamstcd fields 
show a depression or “dell ’ from which the chalk had thus 
been formerly obtained. Arthur Voting, flu; elder, in his 
(imer'tl P/V/e af thf A>/r/rutf nn t>f Jf> rts, drawn up for the 
consideration of tin; lhtart 1 of Agriculture, and published in 
1804, writes of “the. prevailing practice of sinking pits for the 
purpose of chalking the surrounding land/' and mentions the 
application of <10 loads of chalk every ten years as customary, 
The ehalk now present in the arable soil is visible in small 
grains varying in size from that of a pea downwards, additional 
evidence of its extraneous origin. Hut the amounts so added 
to the soil arc enormous; if we assume that the wastage in 
the past had berm at nil comparable to that going on during 
the last ha If century on tin; nmnatuiretl plot, then Broadbalk 
field must have begun the nineteenth century with something 
like 100 tons of chalk per acre in its surface soil 

The proportion of organic matter, carbon and nitrogen, 
present in the various soils is very variable and entirely 
dependent on the character, of the manuring and cultivation. 









POTASH AND WIOSIMIOKK’ ACID -*» 

As will bo soon later, font imams cropping without manor*- 
soon reduces such materials in the soil to a low ebb, bd»m 
which they do not fall appreciably in succeeding years ; the ‘‘r«*p 
production hccoincs very nearly stationary and is accompanied 
by a very small reduction in the original stoel< of rurbon and 
nitrogen, even if there are not eompmisut iug influences it» 
work maintaining the store at. a constant low level, Similar!), 
when very large amounts of organic matter are added every 
year, as when plots are continuously dunged, utter a time then* 
is but little increase; in tin; {importions of carbon and nitrogen 
present in the soil, because the bartered ngem-a s whub 
generate carbon and nitrogen eompounds of n gaseous nature 
are so stimulated by the abundant food supply a - to keep 
puce with the annual additions. 

Of the other important constituents of plum food the sod 
carries an abundant stock of potash; a complete mineral 
analysis, in which the Broad balk soil was completely broken 
up by hydrofluoric acid, yielded as much as 2”M per rent uj 
potash, quite four times the amount that ran be extract'd fa 
long digestion with hydrochloric acid. Though this va 4 stuck 
of potash is in the main dormant, if slowly becomes available 
for crops through the weathering agencies which arc brought 
into play by cultivation. 

In phosphoric acid the soil is by no umans <*» 1 M 1 ; th< 
unmanural plots contain now rather h*,-; titan ft I p-r cent , 
tho highest limit reached on some of the very heavily manured 
plots being about 0‘25 pt*r cent,; timlet* ordinary fanning 
conditions, however, the soil shows no particular mad «.f 
phosphoric acid, as do many clay soils. 

Magnesia is fairly abundant in tin; Jtothnmsmd aojb , h> 
the subsoil, indeed, it is present in almu i llm mtm- proper? km 
as the lime, it is only in tho atlifleiully chalk'd surface ,,4 
that the ratio of lime to magnesia is a high one, 

Soda is present in small quantities, partly cum!sued m a l< 
chlorine as common salt derived from min, 'ami parti) in ih<- 
double silicates of the clay. 
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In general, it. may he .sai'i that tin? liuthamScil soil 
presents no striking peculiarities, Other chemical «»r physical. 
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CHAPTER IV 

KXIMiHIMKNTS FI'oN WHEAT 

I. The Continuous Growth of Wlrnat, I fmac tbit Ik Mold: 

J. Maintenance of th<* yield under Ciitttimfmm WJirnf gnmiiig 1*11 thr 

same* laiicL 

H f%fieri of Nitrogenous Mamirrn. 

(\ Effrrf of the Minora! Consiiturnts. 

1). Retention of Manures by the Still 

K. (luirartor of til** (Top m ii forfeit by Muourintf iintl Hrirwui, 

II. Wheat after Fallow mid in Rotation, 

III, Trials of Varieties of Wheat. 

Practical Coiirliisioiis ami HHVifiic***. 

I. — The Continuous Growth or Wheat, fhm\n»»vi,K Fuj.o, 

The experiments on the continuous growth of wheal wm; 
begun in the Broadbalk field in I *43, but for tin* first fight 
years the manuring was of a varied description, so that only 
three of the plots have received the same treatment during the 
whole period of sixty years. Thu plots as seen tie day began hi 
1852, since which time the few changes in manuring have been 
matters of detail and not of principle; thus tins results repre 
sent a continuous trial of wheat grown with tho same manure » 
upon the same land year after year for more than half ii 
century. 

The Broadbalk field lms an area of about 1 1 acres, and 
slopes somewhat to the east; the plots are each half an ju re in 
area, and consist of strips 37>1 yards long by about 7 y«td« 
wide, running down the slope for the whole length of t he hold, 
and separated by piths which are not cropped, Previous to 
1843 the land had been cropped on it five course <•*)•>*cm . 

manure was last applied to the turnips in !*:«», and two white 
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straw crops were taken immediately print- to the first ex peri - 
mentiil crop of wheat, sown in the autumn of I s}g, ko that the 
hind was in low condition from an agricultural point of view at 
t.hn beginning of the trials. 'I'his is also shown by tie* fact that 
the. first, experimental erop in I s {t amounted to only Id bushels 
per acre on the unmanured plot, although the wheat erop was 
generally murh above the average in that year. 

The soil of the Broudbalk field consists of a stiff greyish 
loam containing an ahundanee of flints ; tie* subsoil is of a 
similar character, rather stiffer and n-dder in eoloiir “the day■ 
with-flints " of the geologist. The ehalk lies la-low at a variable 
depth, rarely less than h or lu feet, thu•> providing good 
natural drainage, In addition, eaeh plot has a til>< drain 
running down the. centre of the plot at a depth of g to ‘2.1 feet, 
thu mouths of nil t he drains being 1***1 int o a brick trench, where 
the water draining from eaeh plot eati be separately eolleeted 
for analysis. 

The field cannot he described a. mor<- tliaa fair average 
wheat, land, nor do the anal)s* s show any special reserve of 
fertility beyond that natural to moderate!) strong land which 
has been under arable cultivation fora very longtime. 

The usual practice is to scuffle the laud immediately after 
harvest and remove the weeds,* the Intel is then ploughed a in¬ 
ti inches deep; the mineral ami other autumn sown manures 
are sown and harrowed in, after which the seed i - drilled. The 
following varieties of wed have been used . t Hd Red Lammas, 
five years, 1KRM to IK17-* ; Red (T»isf«-r, four y«-ar % to 

iKfd .‘2; Red Rostock, twentyutine years, Is.VgB to 1**M) I ; 
Club or .Square Head (Redj, eighteen years, I* 1 -*! 2 to lHjtM.it ; 
and Siptaru Head's Master (Red), in IMtft If tut l and since. 

The chief diflieulty experienced in growing wheat eon 
timioualy is that of keeping the land elean ; not only does t he 
crop occupy the ground for the greater j«u1 of the year, and m 
leave little opportunity for chaining operations, but the weeds 
whose habit of growth is favoured by the erop tend to 
accumulate from year to year. Thus in spite of reflated hami - 
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lioeings, some weeds, like the “Black Bent” grass, Alopecurus 
agrestis, are kept under with the greatest difficulty. 

The general scheme of the experiments in the Broadbalk 
field has been to test the manurial requirements of wheat by 
growing it continuously with various combinations of manures 
repeated year after year on the same plots. At the outset 
of the experiments it should be remembered that little was 
then known as to the manurial requirements of any crop. 
Liebig had just stirred the agricultural world by the general 
statement that if a plant were supplied with the mineral 
constituents left as ash when the plant is burnt, it will require 
no further assistance in the shape of manure, but will draw its 
carbon and nitrogen from the atmosphere. The first experi¬ 
ments were designed to verify the truth of this statement, and 
were extended to test the effect of each of the constituents 
found in the plant. The effect of mineral manures alone is 
compared with that of nitrogenous manure in various forms, or 
of a combination of the two. The constituents of the mineral 
manure—phosphoric acid, potash, soda, and magnesia—are 
variously combined with nitrogenous manures, so as to ascertain 
the part each of them plays in the nutrition of the crop. Thus 
Plots 6, 7, 8, 9, 15, 16, 17, and 18 receive varying amounts and 
combinations of nitrogen, together with the same mineral 
manure containing all the elements present in the ash of the 
wheat plant. Again, all the Plots 10, 11, 12, 13, and 14 receive 
the same amount of nitrogen, but differ in the arrangement of 
the accompanying mineral manure. Some of the plots also 
test the question of the season at which the manures are 
applied, and whether any of the residues are carried forward to 
another year. The long duration of the experiment serves to 
eliminate many of the sources of error in field experiments, 
such as initial variations in the condition of the soil of various 
plots due to previous manuring, irregular attacks of insect and 
other , pests, and variations due to seasons which may favour 
some manures and not others. Also by gradually exhausting 

the soil of particular constituents, the continuity brings to light 

c 
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the function of any element of riiiiniiiiiil plant fkiud in a way 
that is not possible in the first few yours of nn 
because of the large reserves of nil plant fuoiln runtainwl in 
ordinary soil 

Tabic XIV. shows tint nature and quantifies «>f fin* tmnnrvH 
applied each year to tin* plots. Tin* in\mni%l itmimri'K (by 
minerals is understood at UnthiuiiHted the pfms|dioHo nritf 
potash, magnesia, soda, and other mmtximmts a* a>h when 
the plant is burnt, but not any mint urn roiifaiintig nitrii^aii 
are sown before the seed in the mittiiuii, tlici raj*** «%il%p#itad fli*- 
farmyard manure, and u portion of the uiiiiioiiiiiiin kiUh aiv 
also supplied in the autumn before seeding, but tip* nifruti* « t f 
soda and the greater part of the nmtiiotiiiiiirsalts are put on 
as top-dressings in the spring. 


Table yiW ,—Exp$rimmU on UrmuiU%l\ / v/ / 

the, Plot* jmr mere per anuvm t fCiIf wt n-. 
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phosphate contains 37 per cent, phosphate made soluble., or 66 lb. of soluble 
phosphoric acid. 

On Plots 9, 15, 16, and 19 certain changes in the manuring have been 
made during the progress of the experiments, which are set out in detail in 
the “ Memoranda ” for 1901. 

Table XV. shows the average production of grain and 
straw for the whole period of fifty-one years, for the last ten 
years, and for the single year 1902. 


Table XY. — Experiments on Wheat, Broadbalk Field. Produce of Grain 
and Straw per acre. Average over 51 years (1852-1902); and over 10 
years (1893-1902); also Produce in 1902. 


Plot. 

Abbreviated Description 
of Manuring. 

Dressed Grain. 

Straw. 

Average, 51 years 
(1852-1902). 

Average last 10 years 
(1893-1902). 

Season 1902. 

Average, 51 years 
(1852-1902). 

Average last 10 years 
(1893-1902). 

, Season 1902. 



Bush. 

Bush. 

Bush. 

Cwt. 

Cwt. 

Cwt. 

2 

Farmyard Manure. 

35-7 

40*0 

41*5 

34*1 

40*4 

46*9 

3 

Unmanured. 

13*1 

12-7 

13*3 

10*5 

9*3 

9*4 

5 

Minerals . . 

14*9 

15*4 

15*5 

12*2 

11*8 

11*4 

6 

Single Ammonium-salts and Minerals . 

24*0 

23*5 

26*2 

21*5 

20*2 

20*8 

7 

Double do. do. ... 

32*9 

32*4 

38*2 

33*0 

32*2 

40*0 

8 

Treble do. do. ... 

37 T 

39*2 

45*2 

40*9 

43*0 

48-1 

9 

Single Nitrate and Minerals. 


27-3 

33*1 


25*5 

28*6 

10 

Double Ammonium-salts alone .... 

20*7 

19*6 

23-7 

18-7 

16-7 

16*9 

11 

Do. and Superphosphate . 

24*0 

20*2 

23*0 

22*7 

19*2 

19*8 

12 

Do. do. and Sulph. Soda 

30 # 0 

27-6 

33*4 

28*3 

25*2 

32*2 

13 

Do. do. and Sulph. Potash . 

31*5 

30*6 

39*3 

31*3 

29*8 

'37-6 

14 

Do. do. and Sulph. Mag. 

30-1 

25*9 

32*4 

28*8 

24*0 

27-3 

15 

Double Amm.-salts in autumn, and Minerals 

30*6 

28*2 

39*6 

29*8 

27*5 

37-2 

16 

Double Nitrate and Minerals .... 


32*5 

33*5 


33*3 

35-4 

17 

\Minerals alone, or Double Ammonium-salts/* 

15*3 

15*9 

20*2 

1*3 T 

12*8 

16*8 

18 

J alone, in alternate years . . . 

30*4 

30*0 

36*9 

29*5 

29*0 

40*1 

19 

Rape Cake alone. 

... 

28*0 

34*1 


26*7 

34*8 


* Produce by Minerals. t Produce by Ammonium-salts. 


The grain is expressed in measured bushels per acre, the 
weight of the bushel depending on the plot and season. The 
straw, which includes chaff, etc., is given in cwt. per acre. 

Table XVI. shows the average production of certain of the 
plots for the five successive ten-year periods from 1852 to 1901. 
Although ten-year periods are not long enough to entirely 
remove the effect of season, yet the table enables one to judge 
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whether the fertility of the plots has increased or diminishec 
under the treatment they receive. 


Table XVI.— Experiments on Wheat, Broadbalk Field. Average Froduci 
of Grain and Straw per acre the first 8 years (1844-1851), o,nd over fh< 
successive 10-year periods (1852-1901) inclusive. 




Averages over 

Plot. 

Abbreviated Description 
of Manures. 

S years 
(1S44-1S51). 

10 years 
! (1862-1861). 

s| 

Oi rf 

c 

1 10 years 

1 (1872-1881). 

as «5 

2 g 

if 


Dressed Grain. 


2 

Farmyard Manure. 

Bush. 

28*0 

Bush. 

34*2 

Bush. 

37*5 

Bush. 

28*7 

Bush. 

38*2 

Bush. 

39*2 

Bush 

35*6 

3 

Unmanured ... ... 

17-2 

15*9 

14*5 

10*4 

12*6 

12*3 

13*1 

5 

Minerals. 


18*4 

15*5 

12*1 

13*8 

14*8 

11*9 

6 

Single Ammonium-salts and Minerals 


27-2 

25-7 

19*1 

24*5 

23*1 

23*9 

7 

Double do. do. 


34-7 

35*9 

26*9 

35-0 

31*8 

32*9 

8 

Treble do. do. 


36*1 

40*5 

31*2 

38*4 

38*5 

36*9 

10 

Double Ammonium-salts alone . 

25 T 

23*2 

25 T 

17*3 

19*4 

18*4 

20*7 

11 

Do. and Superphosphate 


28*4 

27‘9 

21*7 

22*7 

19*5 

24*0 

12 

Do. do. and Sulph. Soda 


33*4 

34*3 

25*1 

30*1 

26*7 

29*9 

If 

Do. do. and Sulph. Potash . 


32*9 

34*8 

26*8 

32*5 

29*6 

31*3 

14 

Do. do. and Sulph. Mag. 


33*5 

34 4 

26*4 

31*1 

25*0 

30*1 


Straw. 


2 

Farmyard Manure. 

Cwt. 

26*6 

Cwt. 

33*9 

Cwt. 

34*0 

Cwt. 

28*0 

Cwt. 

34*8 

Cwt. 

38-7 

Cwt. 

33*9 

3 

Unmanured. 

15*5 

15*2 

11*5 

8*5 

8*5 

9*1 

10*6 

5 

Minerals. 


17*1 

12-8 

9*7 

9*9 

11*5 

12*2 

6 

Single Ammonium-salts and Minerals. 


26*3 

22*8 

17-7 

20*5 

20*0 

21*5 

7 

Double do. do. 


36*4 

84*8 

28*7 

34 T 

81*1 

82*9 

8 

Treble do. do. 


40*5 

43*2 

86*6 

42*5 

41*7 

40-9 

10 

Double Ammonium-salts alone . 

28 : 7 

24*5 

21*9 

15*2 

15*8 

10*2 

18-7 

11 

Do. and Superphosphate 


28*2 

24*5 

21*3 

20*8 

18*8 

22-7 

12 

Do. do. and Sulph. Soda . 


34*2 

30*5 

25*0 

27*3 

24*0 

28'2 

13 , 

Do. do. and Sulph. Potash . 


84*4 

38*4 

27*6 

81*9 

28*0 

81*2 

14 

Do. do. and Sulph. Mag. . 


35*0 

80*7 

26*8 

28*0 

28*4 

28*8 


A. Maintenance of the yield under Continuous Wheat 
growing on the same land. 

The curves in Fig. 2 show the fluctuations in the yield o; 
total produce for the first eight-year and five ten-year periodi 
from the beginning of the experiment on certain of the plot* 
—Plot 3, which is unmanured; Plot % which receives farm 
yard manure every year; Plots 6 and 7, which receive t 
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complete artificial manure containing varying quantities of 
nitrogen; and Plot 10, which receives nitrogen only. 

Considering the unmanured plot first, it will be seen that 
while there is evidence of a small decline in production for the 




ISgi—iE 



Fig. 2. — Broadbalk Wheat. Total Produce. 


first eighteen years, yet the crop has been practically constant 
during the last forty years. The fluctuations during this period 
are in the main due to season, and correspond very closely with 
those of the completely manured Plots 6 and 7. For example, 
there was a considerable drop during the decade 1872-81, a 
period of notoriously bad seasons ; then followed a considerable 
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recovery in the next decade which has been maintained, for 
the last ten years. But all the evidence seems to point to 
the fact that this plot, which has been without manure of 
any description since 1839, has reached a stationary con¬ 
dition, and that the average crop of twelve and a half busliels 
for the last forty years will in future diminish very slowly, if at 
all. It has been already pointed out that the Rothamsted soil 
is by no means exceptionally rich, how then can this continued 
production of crop without manure be accounted for ? It is 
estimated that the average crop on this plot has removed about 
17 lb. of nitrogen, 9 lb. of phosphoric acid, and 14 lb. of 
potash per acre per annum. In the drainage water there is 
also a further loss of nitrogen, which has been estimated at 10 
lb. per acre per annum; some nitrogen is also removed in 
weeds. Per contra, the rain brings about 5 lb. of nitrogen each 
year, and the seed supplies perhaps 2 lb., thus leaving a nett 
annual loss of nitrogen of at least 20 lb. per acre. The 
analyses of the soil taken in 1865, 1881, and 1893, show that 
there is a steady diminution in the amount of combined 
nitrogen present in the soil; but since in 1893 the proportion 
present was 0*099, or rather more than 2500 lb. per acre in the 
top 9 inches of soil, there is still an enormous reserve un¬ 
touched. There may also be hitherto unrecognised gains of 
nitrogen from the atmosphere. For example, the Black 
Medick is a common weed on this plot, and like other legu¬ 
minous plants fixes some nitrogen from the atmosphere, part 
of which will be left behind in the soil when the roots decay. 
Soil bacteria are also known which are capable of fixing 
nitrogen independently of the higher plants; but until the 
analyses of the soil have been repeated after another long 
interval it is not possible to say whether such recuperative 
agencies have any practical effect, or whether the crop is still 
being grown out of the original resources of the soil. A s regards 
potash and phosphoric acid there can be no external sources 
of recovery, but the reserves are very great, amounting in 1893 
to about 3000 lb. of phosphoric acid and as much as 50,000 
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lb. of potash per acre in the top 9 inches of soil, though of 
course the greater part of the latter would only become avail¬ 
able for the plant very slowly. 

On Plot 2 there has been a yearly dressing of 14 tons of 
farmyard manure, and though the composition of the dung is 
so far variable that it is impossible to say exactly what 
■quantity of plant food has been supplied, the annual applica¬ 
tion is estimated to contain about 200 lb. of nitrogen, 78 lb. of 
phosphoric acid, and 235 lb. of potash ; whereas the average 
crop has only removed about 53 lb. of nitrogen, 27 lb. of 
phosphoric acid, and 52 lb. of potash per acre. There should 
be an accumulation of fertility on this plot, and an examination 
of the curve shows that after a rapid rise during the first eight 
years of the experiments, when the land was recovering from 
■a state of comparative exhaustion, the yield of grain has been 
slowly increasing, despite the depression during the decade 
1872-81. The increase is particularly manifest during the last 
ten years, on the whole a period of dry seasons, when the 
moisture retained by the accumulation of humus from the dung 
also had its effect. The increased fertility of this plot would 
doubtless have been more manifest were it not for the tendency 
■of the crop to be laid in the heavier yielding seasons. The 
analyses show that enormous reserves of plant food have been 
accumulated in the soil of this plot, the amount of nitrogen in 
the surface soil being more than double that of the unmanured 
plot, the phosphoric acid being also almost doubled, and the 
potash showing a very considerable increase. While some of 
these reserves are in a readily available form, there is evidence 
from the other experiments at Eothamsted that even in fifty 
years it would be impossible to crop them entirely out, if a 
course of growing corn without further manuring were now 
entered on. 

Regarding now Plots 6 and 7, receiving artificial manures 
which supply nitrogen, potash, and phosphoric acid, but no 
organic matter to form humus, we see that Plot 7 has 
throughout yielded a crop very little inferior to that grown 
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on the (lunged plot, and shows no evidence of a decline in 
fertility. The manure on this plot supplies 86 lb. of nitrogen 
per acre, whereas the average crop has taken away not more 
than 50 lb. The phosphoric acid and potash supplied are also 
in excess of the requirements of the crop. On Plot 6 only 
43 lb. of nitrogen per acre are supplied, little more than the 
amount removed in the crop. If we consider the other sources 
of loss of nitrogen to the soil, such as the removal of weeds, 
drainage, etc., it becomes clear that the 43 lb. of nitrogen 
in the manure are not sufficient to repair the annual with¬ 
drawals of nitrogen. Consequently we should expect some 
diminution of fertility on this plot, and analyses of the soil 
seem to show that it is slowly losing nitrogen. The curve 
expressing the crop on Plot 6 is very similar to that of the 
unmanured plot, indicating a considerable fall in fertility 
during the first ten years, and a comparatively constant 
position for the last forty years. Thus this plot like the 
unmanured plot seems to have reached a position of com¬ 
parative stability, when the annual withdrawal of nitrogen 
by crop and drainage, etc., is almost balanced by the 
additions from all sources, so that the fertility of the land 
is declining very slowly, if at all. Though no material to form 
humus has been supplied to Plots 6 and 7, and analysis shows 
that the soil is gradually being deprived of its original stock, 
yet the wheat crop so far seems to be unaffected by the loss 
of this important constituent of the soil. 

Plot 10 has received an annual dressing of nitrogen only, in 
the shape of 400 lb. of ammonium-salts since the earliest date 
of the experiments. It will be evident from the curve showing 
the crop production that, despite this long-continued use of a 


manure supplying but one element of plant nutrition, fhe crop 
has been wonderfully maintained. Whereas the average pro¬ 
duction over the whole period is increased by the supply of 
minerals to the extent of 1*8 bushels, the nitrogen alone has 
produced an average increase of 7‘6 bushels, the unmanured 


plot being taken as the standard in either ease. 


The curve. 
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however, shows that the production on this Plot 10 is 
declining, notwithstanding the great reserves of mineral plant 
food with which the soil started. At the present time also 
the crop on this plot presents a very unhealthy appearance, 
is very slow to mature, and is extremely liable to rust. 

We thus see that it is possible to grow a cereal crop like 
wheat year after year on the same land for at least sixty years 
without any decline in the productiveness of the soil, provided 
an appropriate manure be supplied to replace the nitrogen, 
phosphoric acid, and potash removed by the crops. There is 
no evidence in fact that the wheat gives a smaller yield when 
following a long succession of previous wheat crops than when 
grown in rotation, although the vigour of the plant does not 
appear to be so great. The real difficulty, however, in con¬ 
tinuous corn-growing is to keep the land clean; certain weeds 
are favoured by the wheat and tend to accumulate, so that the 
land can only be maintained clean by an excessive expenditure 
in repeated hand-hoeing. Notwithstanding all the labour that 
is put on the plots, the “ Black Bent ” grass, Alopeourus agrestis, 
has from time to time become so troublesome that special 
measures have had to be taken to eradicate it and to restore 
the plots to a reasonable degree of cleanliness. 

How little the wheat plant is able to survive when in 
competition with weeds, rfiay be seen from a portion of the 
Broadbalk field where the wheat crop in 1882 was allowed to 
stand and shed its seed, the soil not being cultivated in any 
way. In the following season a fair wheat plant came up and 
gave about half a crop, but after it seeded the weeds increased 
their hold upon the ground until in the fourth season only two 
or three stunted wheat plants could be found, which have never 
reappeared since. The fundamental importance of cultivation 
and the suppression of weeds is further to be seen in the 
returns from the continuously unmanured plot. This piece of 
land at the beginning of the experiments was not only in poor 
agricultural condition but had been under arable cultivation for 
at least two or three centuries, and was therefore far removed 
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from the condition of virgin soil with its accumulation of 
fertility, and yet hy cultivation alone it has heen able to gnnv 
for sixty years a crop averaging 13 bushels to the acre. 'Fhis 
is almost, the average crop produced in the l 'nited States, and 
is very similar to the general average production of the great 
wheat-growing areas of the world. Nor is there, as far as 
can be judged from the records of the last forty years, any 
reason to expect that this crop cannot be maintained in the 
future, provided that the cultivation and cleaning of the land 
be continued. 


B. l&rt of NiiriMfi imuii 

It will be remembered that one of the main objects in 
starting the Rothamsted Experiments was to ascertain the 
value of nitrogenous manures, and test the truth of Liebig's 
opinions that the crop could obtain a sufficiency of nitrogen 
from the atmosphere provided the ash constituents were 
supplied. Blots it, <1, 7, and K all receive the same dressings 
of mineral man arcs, ix„ phosphoric acid, potash, magnesia, 
and soda, in greater quantities than are removed in the crops. 
Blot f» receives no nitrogen, Blots »}, 7, and H receive increas¬ 
ing quantities of ammonium salts, supplying 13 lb. of nitrogen 
per acre on Blot 0, double that quantity on Blot 7, and 
treble the quantity on Blot H. | An average crop of 30 bushels 
of grain, and 2H ewt. of straw, will remove about .W lb, of 
nitrogen per acre, j 

The diagram Fig. 3 shows the crops oil these plots over 
the whole period since I8I»‘2. 

Plot f>, which receives the minerals hut no nitrogen, grows 
very little more than the continuously unmanured plot; its 
average over the whole period is only 14 0 bushels, m against 
13*1 without manure of any description. The other three plots 
yield crops which increase with each addition of nitrogen; the 
grain increases from 24 bushels with 48 lb. of nitrogen, to 33 
bushels with 80 lb. of nitrogen, and to 87 bushels with 120 lb. 

nitrogen; the straw is even more affected by a free supply of 
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manure. With nitrogen alum* (/.//., ammonium salts alone on 
Plot 10, nitrate of soda {done on part of Riot 0, and rape cake 
alone on Riot 10), even over a long period of years, tin* crop 
is considerable, and much superior to that grown by minerals 
without nitrogen. Being a deep rooted plant and possessing a 
comparatively long period of growth, wheat is well able to 
search the soil for mineral plant, food; hence when grown 
under ordinary farm conditions in rotation, it is rarely necessary 
to supply it with any but nitrogenous manures. As it is also 
grown during the cooler season of the year and with very little 
cultivation oi the ground, the natural nitrifying processes are 
slow, hence the special need for un external supply of nitrogen 
in the shape of manure. 

Riots P and H> receive nitrate of soda and mineral manures, 
so that Riot P has the same manuring as Riot 0, and Riot Ml 
as Riot 7, except that the ammonium-salts on Riots d and 7 
are replaced by equivalent amounts of nitrate of sot la. The 
manuring of Riots P and HI has however been changed 
during tin* progress of the experiments, so that they are only 
eoinjKiruble with <1 and 7 since JhkI, Taking the averages of 
the la*t ten years, as set, out in the diagram Fig, 4, it will be 
seen that nitrate of soda is a more effortive source of nitrogen 
than the ammonium-salts; the single applieation yields HI per 
rent, more grain and 20 per rent, more straw than the corre¬ 
sponding amount of amtuoniuuesaltH : the double application, 
however, yields practically the same amount of grain and only 
about, 1 ewf. more, straw. This superiority of nitrate of soda 
for wheat is no doubt partly due to the fact that it remains 
soluble, thus diffusing deep into the soil and encouraging « 
greater range of roots, whereas the ammonium salts are 
retained near the surface. The injurious effects of continuous 
applications of ammonium-salts, which are due to the removal 
of the carbonate of lime from the soil and its resultant acidity, 
now so strikingly shown on the corresponding permanent 
wheat and Istrley plots on the I loyal Agricultural Society's 
farm at Wohttrn, are not apparent at Ilotluunsted, where the 
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soil started with a good supply of chalk. Analyses made in 
1904, show that the soil of Plot 7 still contains more than 
12 1 per cent, of carbonate of lime. 


Total Produce 
per Acre 

6000 lb/— 



Fio. 4.—Comparison of Nitmte of S«d« *wi m 

W ymrn(m^im). AH i»I,^ m-iv.- Mmemb altkr. 




It should be noticed that the increase of crop for each 
application of nitrogen is not proportional to the extra nitrogen 
supplied, but that each successive addition gives a smaller 
return in the crop. Thus Plot. « with 4:{ lb. of nitrogen k » m ** 





KXPKKIMKNTS UPON WHKAT 


4<> 

!> - I bushels more than Plot "> with no nitrogen, another 42 lb. 
of nitrogen on Plot 7 produce a further increase, of Hit bushels, 
whereas the next addition of 42 11>. of nitrogen only produces 
an increase of 4"2 bushels. 

During the first Id years of the experiment one of the plots 
received a still further addition of nitrogen, making 172 lb. in 
all. The Table (XVII.) shows the yield of grain and straw of 
the plots receiving successive increments of nitrogen during 
this period. It will be seen that the last 4d Ih, of nitrogen had 
practically no effect upon the amount of grain produced amt 
hut little upon the straw. 


Tabu X VII, — on UrmutML FwM, 
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These results illustrate very dearly what ii known m the 
“ law of diminishing returns,” *>., that each increment in the 
cost of production, whether labour or manure, gives rise to a 
smaller proportionate return, until a point is reached when the 
value of the increase! 1 yield is more than balanced by the outlay 
required to bring it about. This point, when the extra crop 
ceases to pay for the manure or labour expended on it, is 
sooner reached with low than with high prices for the crop. 
Hence high fanning (intensive cultivation and literal expendi¬ 
ture on manure) is only justified in times of high prices and 
is no remedy for low ones. 




r 


LAW OF DIMINISHING RETURNS 4L 

The diagram Fig. 5 shows a comparison between the- 
turns from these plots, (1) with corn, at 24s. a quarter and 
caw at 20s. a ton, and (2) when corn is 32s. and straw 
30s. 

The straight line indicates the cost of production taking an 
Ibitrary base of 80s. per acre for the cultivation, and adding: 


Yield . Retu rns & Cost. 

Bushels or Cwt. Shillings. 



Fig. 5.—Relation between Cost of Production and Returns with varying 
quantities of Manure. 


3s. for each 200 lb. of ammonium-salts. It will be seen that 
ith the lower prices the crop ceases* to be profitable before the 
lird addition of manure is made; the second addition is the 
Lost profitable, the extra 30s. for manure has produced an 
Lcreased return of 36s. in the crop. At the higher scale 
? prices the crop remains profitable throughout, though the 
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third addition of manure only returns Mh. for an expenditure 
of 30 h., and the fourth application only produces an increase of 
crop worth 8s. 

Fjfi't't of tht> Mhifrul ( 

The series of Plots 7, 10, 11, 12, Id, and 14 all receive 
the same, amount of nitrogen HO Ik, in form of 400 ll» 
of ammonium -salts per acre—hut differ in regard to their 
mineral manuring. Plot 10 receives nothing beyond the 
nitrogen, Plot 11 has superphosphate also, while 12. PS, 
and 14 receive a further addition of sulphate of soda, 
sulphate of potash, or sulphate of magnesia respectively, all 
three of which art* combined to form a complete mineral 
immure on Plot 7 . It should be remembered that smla, 
magnesia, and potash are always found in the ash of plants, 
anti at. the time the experiments were started little was known 
about the part they played in the nutrition of the plant. And 
although we know to-day that for practical purposes potash 
alone of the three need be supplied in a manure, we are still 
uncertain what is the function of the other two. which being 
present in ©very plant am hardly be without some action. 
Fig. 6 shows the crops upon these plots in successive ten-* 
yearly periods. It will bo icon that Plot 11, receiving super 
phosphate, has always given a better crop than Plot 10, without 
it. This sujKsriority was more marked in this early years of 
the experiment, when the reserves of potash, etc., were 
abundant in the soil, and when in consequence the nitrogen 
and phosphoric acid together had practically the «*ffeet of a 
complete manure, bitterly, as the potash has become ex¬ 
hausted by the continual cropping, the yield with nitrogen and 
phosphoric acid hat been but little superior to that produced 
by nitrogen alone. Similarly, in the earlier years of t he experi¬ 
ment the crop on Plots 12 ami 14, where soda amt magnesia 
are added to the superphosphate and ammoniutn-wiitii, was 
but little inferior to that of Plot IS, which receives 
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potash. The results in later years show, however, that neither 
magnesia nor soda can replace potash, their good effect in the 
first few years being due to the fact that the addition of any 


Bushels 
per Acre. 



1852-61 1862-71 1872-81 1882-91 1892-1901 


Fig. 6.—Production of Wheat with varying Mineral Manures. All Plots receive equally 
86 lb. N. as Ammonium-salts. Averages over 10-year periods (1852-1901). 


soluble salts to the soil brings into action some of the dormant 
potash. At first this is sufficient to grow as large a crop as 
where a potash manure is directly supplied, but in course of 
time the available potash becomes exhausted, and there is a 
manifest decline on the plots receiving magnesia or soda only. 
Plot 7, which differs only from Plot 13 in receiting magnesia 
and soda in addition to the potash, phosphoric acid, and nitro¬ 
gen applied to 13, gives throughout a somewhat higher crop. 
This is not due to any specific effect of magnesia and soda, 
because Plot 13 does not show any progressive decline as com- 
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pared with Riot. 7, although its soil must be becoming exhausted 
of these constituents by their constant removal in the crops. 
Doubtless the effect of the sulphates of magnesia and soda on 
Plot 7 is due to their action as soluble salts, maintaining in 
a more soluble condition the other manorial constituents 
necessary to the crop. 


D. IbtvutUm tt/ f>j/ th< Si fit. 

It has already been stated that, as a rule, 100 lb, of the 
ammonium-salts arc applied in the autumn when tin* seed is 
sown, the rest being reserved for a top-dressing in the 
spring. On one of the plots, however, Plot 1"*, the whole 
400 lb. of ammonium-salts is applied in tin* autumn, 
otherwise tin* manuring is idem teal with that of Plot 7. 
The crop, however, on Plot li> is »>n tin* average below that 
of Plot 7, showing that some loss takes place when the 
ammonium salts are applied before tin; plant is able to utilise 
them. Although the ammonium salts are soluble in water 
they arc caught, by the soil and held very near to tin* surface, 
so that the loss does not arise by tin- washing out of the 
ammonium-salts themselves, They are, however, rapidly eon 
verted into nitrates when the land is warm and moist, 


especially after it has Item recently stirred by tlie autumn 
cultivations. The nitrates thus produced arc not retained hy 
the soil, and wash out very readily if heavy rain falls during 
the early winter. This is seen in the analyses of the drainage 
water collected beneath Hot lf>. It is generally very rich in 
nitrates in the autumn as compared with Plot 7 ; whereas in the 
spring, when the ammonium-salt* are applied, a roiresjionding 
Joss does not happen with Hot 7, Immune the crop then 
, occupies the land and is able to take tip the nitrates as fast as 

"** they are formed, 

-• 'the diagram Fig, 7 shows the estimated loss of nitrates in 
, ‘ ; , lb. per acre Oh'these two plots during the summer and winter 

, ' respectively, between the spring lowing of man urea fn 1879 and- j'l 

, theeorrespondingdate in 1R81. ' 
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Fm. 7.—Los* of Nitrogen hh Nitrate* in the ihainagr Water, [h. p> r »■ <r 
Comparison of Plot 7 manured with Ammonium ml^.n in tU«* ntuituf, nm4 
Plot 15 in the autumn. 


salts and the minerals are applied in alternate yearn to the tu<» 
plots. Urns in 1903 Plot 17 received ammonium salts hut no 
minerals, and Plot 18 the minerals without the ammonium < 
salts, and the treatment was reversed in toog and again in 
1904. It will be seen from Table XV. or front the diagram 
Fig. 8, that the plot which in any year is rewiving minerals 
without nitrogen derives little or no benefit from tin* ammonia 
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it. had the year before. Tin* crop shows every sign of nitrogen 
starvation, and amounts on the average to only I.VH bushels 
of grain, as compared with 14It bushels on Plot ’> which has 
received minerals without any nitrogen every year since Is.'ig, 
On the Rot ha tasted soil, then, we may conclude that tin* effect 
of sulphate of ammonia applied to a cereal crop is confined to 
the season of its applieatiim. In the seasons when flu* 
ammonium-salts are applied the crop is hut little short of that 
on Plot 7, when 1 minerals are used every year with the same 
amount of ammonium-suits, thus showing that the previous 
mineral manuring is carried forward ami has ati effect in 
seasons beyond the year of its applieation. 

Much of attr knowledge of the proeess of nitrification, hv 
which not only ammonium-salts but other compound* of 
nitrogen, stteli as are contained in dung, are converted into 
nitrates, was worked out in the Rothamsted Laboratory by Mr 
Warington. From tie* continued analyses that have been made 
of tie* water flowing from the drains beneath the Itroudbalk 
wheat plots, we learn that not old) may readily nitrifying 
manures suffer great losses through nitrates forming and being 
washed mtf when a crop does not occupy the ground, but that 
the same eauses h*ad to continuous !o*s of nitrogen from all 
eultivated land. This loss is at it^ highest when heavy rain 
falls after the land has been broken up after harvest; tlieu the 
conditions occur which are most favourable to nitrification, 
/>., warmth, moisture, aeration, and stirring of the soil. Thus 
analyse*.of the soil show that, despite tie* fact that much larger 
amount* of nitrogen are applied to Plots 7 to than are re- 
moved in the crop, the soil is not getting any richer in nitrogen; 
and even on Plots 'J and Jit, where organic compounds of 
nitrogen are used, the accumulation of nitrogen Is far less than 
the difference between the nitrogen applied and that removed 
would indicate. 

Table XVIII. gives an estimate of th« nitrogen fier amt 

supplied in the manure and recovered in the crop over a fifty- 
year period, 1M444H03, together with the nitrogen contained 









SPRING- AND AUTUMN SOWN MAXUHKS ;*:i 

in the soil at the close of that period for the unmunured Hot 
3, and Plot 2 receiving farmyard manure. The top 0 inches of 
soil only are considered, because the analyses do not indicate 


Total Produce 
per Acre 

6000 lb.— 
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that any appreciable amount of organic matter has found tin 
way into the subsoil. 

It will be seen that of about 10,000 lb. of nit rogen supplied 
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as dung during the whole period, only about 2600 lb. have 
been recovered in the crop, or about 26 per cent., and that 
although the nitrogen present in the soil at the end of the 


Table XVIII. 


V h '' ' 

■illg’ iji • i 

Hi I 1* 

Plot. 

Manuring. 

Nitrogen in Soil, 

9 inches deep, 

1893. 

Approximate 
Supply 
of Nitrogen 
in 

Manure 
in 50 Years. 

Approximate 

Removal 

of 

Nitrogen 
in Crops, 

50 years 
(1844-1893). 

Surplus of 
Nitrogen 
over Plot 8, 
unaccounted 
for in 

Crop or Soil. 

Per cent. 

Pounds 
per acre. 

• i i 


[ 



Lb. 

Lb. 

Lb. 

’! 

a 

Unmamired 

0*0992 

2,570 


850 


! 1 s. * 

2 

! Farmyard Manure . 

0-2207 

5,150 

io’ooo 

2,600 

5,670 




period has been doubled, the excess over the manured plot is 
only 2580 lb. per acre ; so that there is still 5670 lb. which 
has been supplied in the manure, but is unaccounted for either 
in the crop removed or in the accumulation in the soil. Some 
of this has no doubt been washed away as nitrate into the 
drains and the subsoil water, some has been removed in the 
weeds, but much must have been lost by the conversion, 
through bacterial action, of nitrogenous compounds in the 
manure into free nitrogen gas. 

Phosphoric acid and potash, however, behave very differ¬ 
ently from nitrogen; but little of these substances are ever found 
in the drainage waters, and Dr Dyer’s analyses show that the 
greater part of the excess of phosphoric acid supplied over that 
removed in the crop is still to be found in the top 9 inches of 
soil, where it remains in a condition readily available for the 
plant. The potash is not quite so completely retained as the 
phosphoric acid, and descends further below the surface. There 
is still, however, no practical loss to be feared when potash is 
applied to the land before there is any crop immediately able 
to utilise it. 

E. Character of the, Crop as affected by Manuring and Season. 

Table XIX. gives certain particulars regarding the quality of 
crops grown during the last fourteen years, covering the years 
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in which Mr R. Hewlins of St Ives has made valuations of the 
grain from each of the plots. These valuations and figures 
respecting quality are to a certain extent disturbed by factors 

Table XIX.— Wheat, BroadbalTc Field. Averages over 14 years 

(1889-1902). 
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Farmyard Manure. 

61*3 

56 *7 

102*3 

3*8 

2536 

3*94 

4 

Unmanured. 

60*7 

77*2 

100*3 

4*3 

2708 

3*69 

5 

Minerals. 

60-8 

74*4 

100*5 

4*7 

2586 

3*86 

6 

Minerals and Single Ammonium-salts . 

61T 

66*3 

101*4 

4*0 

2520 

3*97 

7 

Do. and Double do. 

61*1 

57*2 

101*1 

3*7 

2578 

3*88 

8 

Do. and Treble do. 

60*8 

51*5 

100*8 

4*2 

2636 • 

3*79 

9 a* 

Minerals and Single Nitrate .... 

60*8 

59*5 

100 *<9 

3*5 

2612 

3*83 

16 

Double Nitrate and Minerals .... 

60*5 

53T 

100*8 

4*4 

2772 

3*61 

10 

Double Ammonium-salts only 

59*6 

66*6 

98*7 

6*1 

2966 

3*37 

11 

Do. and Superphos. 

58*6 

59*5 

97*1 

7*4 

3238 

3*09 

12 

Do. do. and Sulph. Soda . 

59*9 

61*9 

99*2 

4*8 

2926 

3*42 

13 

Do. do. and Sulph. Potash. 

61*0 

57*3 

101*0 

3*6 

2592 

3*86 

14 

Do. do. and Sulph. Mag. . 

59*9 

60*2 

100T 

4*6 

2978 

3*36 


* 9a and b, 1894 and since. t Average for 7 years (1893, '94, ’96, ’97, ’98, 1900, and 1902). 

arising only at second-hand out of the manuring. For 
example, Plots 8 and 2 are very liable to be lodged and 
to show a much higher proportion of sprouted corn in 
a wet harvest like that of 1902. These effects may easily 
overpower the differences directly due to the manuring and 
visible in normal seasons. The farmyard manure plot, No. 2, 
has given on the average the best grain, showing the highest 
weight per bushel and the highest price in the valuation, 
but there are several years in which the corn from this 
plot occupied a very low place in the series. Plot 10, again, 
receiving ammonium-salts only, shows almost the lowest 
weight per bushel and the lowest price. In some years, 
however, the highest valuation has been put on the corn from 
this plot. It is important to notice that the continuously 
unmanured plot, with its small yield, yet produces grains of 
com which are almost up to the average in size, weight per 
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bushel, and value from a commercial point, of view. The plant, 
when starved, diminishes the nmul«*r lmt not the quality of the. 
seed; oven the proportion of “tail” corn is not above the 
average on this plot. The proportion of corn to straw is the 
highest, on this plot, as though starvation resulted in con¬ 
centrating the highest possible proportion of material on the 
reproduct ive part s of the plant. 

'fho plot receiving minerals only differs very little from the 
unmunured plot, but with each .successive* addition of nitrogen 
on Plots 3, 7, and h, the weight per bushel, the size of the. 
grain, and the value somewhat diminish ; at. tins same time the 
proportion of straw to corn is much increased. The* effect of a 
given quantity of nitrogen in the directions thus indicated seems 
to he intensified when it is applied as nitrate instead of 
ammonia. 

Turning to the Plots 7, fit, II, 12, 13, and 14, which receive 
the same amount of nitrogen but vary in their mineral manures, 
we get the highest weight per bushel, t he largest grains, and 
the greatest value on Plots 7 and 13, where potash is supplied ; 
on these plots also the proportion of straw is at a maximum, 
facts which depend upon the function of potash in the formation 
of carbohydrates starch in the grain, and woody-fibre in the 
straw. The soda and magnesia applied to Plots 12 and 14 
have rendered some of the potash of the soil available, and flu* 
quality of the grain is better than on Plots 10 and 11, Plot 11, 
receiving nitrogen and phosphoric acid, produces distinctly 
worse grain than Plot 10, showing by far the smallest grains, 
the lowest weight par bushel and value, and the highest 
proportion of “ tail" corn; again demonstrating how the 
continued use of phosphoric add and ammonia has depleted 
the potash in the soil of tin's plot. The plot receiving farm¬ 
yard manure gives corn of about the same six© and weight 
per bushel and also the same proportion of corn to straw, as 
Plot 7, which receives a medium amount of ammonium-salts. 

Turning now to the influence of season on the wheat crop, 
Table XX, shows the yield of both grain and straw, the 
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weight per bushel, and the proportion of grain to straw, in 
JS7b, a typical wet year, and in is(Kt, an exceptionally dry one ; 
tin* corresponding averages for the whole fifty-one years being 
put alongside for comparison. Table XXI. shows the 
monthly rainfall for the saute periods, during the harvest-year 
from I*t September to the following August tllst. 

TaUMS XXI.--/iVii/i/#// '*! (Laojf- //«/*</») Com- 

purism ft i*'*'? ^ml *t d rp v'dh thr ** »v/w*/» 

urrr 50 y&tw (JX52-2 fa 1001*2). 
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It will bo seen that for the crop of fhere was a total 
rainfall of 41 inches, of which 23'H inches fell in the last six 
months, as against H JJ inches out of a total of 24 1 inches for 
the corresponding periods of the harvest -year of lnbSMI. 
While the amount of grain produced is not. so very different in 
the two years, the, wet year grew a far bigger crop of straw, 
ho that the grain weighed little more than one-third of the 
straw, whereas in the dry year grain and straw weighed about 
the same. The weight per bushel of the grain is very much 
higher in the dry than in tho wet year, averaging <J1‘2 lb. 
against 5S’0 lb. In the dry years the manures have com* 
fwtratively little effect, the crops on all the plots being brought 
nearer to a uniform level; in the wot year, on the contrary, the 
difference due to manuring are very much accentuated. The 
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plot receiving farmyard manure occupies about its usual position 
in tlie wet year; but whereas it usually gives about the same 
Proportion of grain to straw as the medium nitrogen plots, in 
18 7” 9 it was rather better than they were in this respect. In the 
dry year this plot gives by far the heaviest yield of grain, almost 
up to its usual average; the straw also is much less reduced 
til an on the plots receiving artificial manures, due no doubt to 
tli© water-retaining powers of the dung. It is interesting to find 
tlx at Plot 9, receiving nitrate and minerals, gave the best crop 
both of grain and straw in the very wet year 1879, whereas in 
the dry year, 1893, the crop on this plot fell below the crop of 
P lot 6, which received the same amount of nitrogen as 
atximonium-salts, though on the average of years the nitrate 
answers better. This is contrary to the generally received 
opinion that nitrate of soda is the more effective in dry, and 
ainmonium-salts in wet seasons. 

The very low crops on Plots 9& and 10, which receive 
nitrogen only, show that in a wet season the plant has very 
little power of obtaining minerals from the reserves in the soil; 
incL the great jump in crop produced by adding superphosphate 
to the ammonia on Plot 11 shows that the phosphoric acid is 
then more difficult to obtain. In a wet season when the 
maturity of the plant is retarded, the ripening effect of 
plxosphoric acid will be exceptionally beneficial. In the dry 
season the lowest returns come from Plots 10 and 11 (with¬ 
out potash), and the potash on Plots 7 and 13 has an 
exceptionally marked effect, showing that under conditions 
of drought the plant specially responds to an abundance of 
potash in the manure. Probably the explanation is that a 
free supply of potash prolongs the growth of the plant, and 
that in the absence of potash the ripening action of the 
plxosphoric acid comes into play prematurely and stops 
development at a very early date, since it is acting in the 
same direction as the heat and dryness of the season. 

The indication of the 1879 and 1903 returns, that the 
superiority of nitrate of soda over ammonium-salts is more 
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marked in a wet than in a dry season, i* confirmed by a 
further examination of the record* over a series of years. 
Taking the last thirty years and dividing them into two groups 
according as tint rainfall is above or below the average, ami 
then comparing the yields of the two plots, which receive equal 
amounts of nitrogen, but one as nitrate of soda, and the other 
as ammonium-salts, we find that in the dry seasons the yield 
from ammonium-salts is W}i$ per cent, of the yield from 
nitrate of soda. In the group of wet seasons, however, the 
yield from ammonium-salts is only 7^'* percent, of that given 
by nitrate of soda, as shown in Table XXII. Tims the wet 
seasons are on the whole more favourable to nitrate of soda 
than to ammonium-salts. Presumably in the very wet and 
eold seasons the conditions are unfavourable to the nitrifica¬ 
tion of the ammonium-salts, and the immediately available 
nitrate of soda is more effective. 


TaW,I t XX! 1 /.V.-rx/W/- If7<»<o, <’<■ w/rwrc... >/ o'- • !/!>• */ if l>ti a ,</ 

4Vftii# if? Am »-* Xifmf>- in 

th* h**nnf**f$ wm Wo/^ w th* Um { 1 H?**t Ktff;? ) 




Ilf# , 

< 1* 

tUKu 

t.f 


: toiiiiiii 

r, !• 

ITft „ i %•„ ? 

VinA* 4 m •, * M/ 

SMI A* 

Ath '»*]!« 

Tu ? S *» 

-Va r %4* 
— 

II ffetiwft* tmfam average! 

1#! flrmiiisii atom amn#* ftftlsif&t! 

Iw 

:: vrjra 

;sri.1 

, |l ,.»l» > ft; ,S“A',# 

1 ?q i# a»i • *, 

4f'f '/■£< **V 

■■ 

i im 


One of the most critical periods in determining the yield of 
wheat appears to lie the winter months: if the wheat be sown 
in October or early November it upends the next three or four 
months almost wholly in developing its system of roots. 
Should the weather be wet and the soil in a saturated condition 
the root-system will be restricted, both because of the deficient 
aeration and bemuse the loots new! not extend far in order to 
obtain the water necessary for its growth. From the indifferent 
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development of roots which thus results, the plant seem,'- 
never able to recover, so that a wet winter is almost invariably 
followed by a poor wheat crop at harvest. This fact is illu> 
trated by Table XXIIL, in which a comparison is made 
between the average wheat crop on three of the {dots (0, 7. 
and 8) following the ten wettest and the ten driest winters 
respectively during the period iMfrg. 11)02, as measured by the 
rainfall in the four months November to February inclusive. 

Table XXIII.— Ih'utnlhulk H (*ntft pu rimm t>f Hi ff V//#*.*/ m 

10 Jh'irxt IVinin'H (iHfiLM 


PI H'.ffof III ? 


Rainfall, November f« Prhniary Invlmivr , Inrlir» I i:i*PI 

Average Crop per uerr, Plotn d, 7, mid ** . Bunhc!** j 


Comparison of Wlntern with more or leufi fhint the #ivmtift* ttrreohiitiai 
( 1 * 70-1 to imm .i|. 
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! Percolation (*Mnvh git up?}. Nov. to Pelt, # tm*hm 1 t»*ii 
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The ten dry winters with an average rainfall of 7,70 inehe, 
were followed by an average wheat crop of ;tH> bushels pc, 
aero on the {dots selected for comparison. The ten wet winter, 
with a corresponding rainfall of* I If inches were followed by an 
average wheat crop on the same plots of only 2«“2 bushels. 

Making the comparison in another way ami dividing tlm 
thirty-four seasons 1870-1004 into two groups according t., 
whether the percolation during the winter months, November 
to February, was above or below the average, we obtain „ 
similar result. In fifteen seasons with a low winter pwobtf i« ,» 
averaging 5-02 inches, there was an average crop o» ih» 
selected plots of Ill-5 bushels per acre; in the other nimteei, 
seasons of high percolation, 1L43 inches, the* avera-e crop on 



EXPERIMENTS UPON WHEAT 


(i-J 

tli (5 same plot was only iiT* bushels. Although of course the 
wwither later in the, season has a great effect in determining 
the wheat crop, it is yet evident that the most critical period of 
its growth lies in the first four months, when the foundation of 
roots is being laid. 

On the whole, it will be, seen that tin* great differences of 
manuring to which the Rothumsted plots have been subject 
for so long a period have a much greater effort on the gross 
amount of crop than on the quality of the grain. Space does 
not admit of a discussion of the detailed analyses of the crops, 
but they show similar results in regard to the comparative 
stability of the, nature of the grain. Fluctuations in the amount 
of the crop clue to season or manuring an* reflected to a much 
smaller degree in the composition of the grain ; tie* composition 
of the straw, however, shows wider variations, induced by the 
differences in the manure applied. 

II. Whuat a mat Fa t.tow, wn in Rotation. 

Stare the year I *.10 two half acre plots in the Hons field 
have been cropped in alternate year- with wheat without 
manure ; every year out! of the plots F in wheat while the other 
is being fallowed, so that the wheat crop always succeeds a 
year’s bare fallow. 

The accompanying Table »XXIV .) shows the average 
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produce, grain and straw, on tho cropped plot following fallow, 
compared with the crops on the plot in BrtmdWk, which 
is continuously cropped without manure. It will be seen that 
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the produce of wheat after fallow is considerably higher than 
when it is grown continuously, 17'1 against 12'7 bushel* pci- 
acre ; but if reckoned as produce over the whole area, half in crop 
and half fallow, the whole acre grows much less both of grain and 
straw than where the crop is grown year after year on the same 
land. A given area of land would therefore be more product ive 
when cropped every year than if the crop were alternated wit It 
fallow. The superior yield of the portion in crop after a 
fallowing may to some degree be attributed to the greater 
freedom from weeds, but in the main it is due to the production 
of nitrates from the humus of the soil during the summer when 
it is fallow, a process which is much stimulated by the stirring 
and aeration the soil receives. The success of a fallowing 
depends upon these nitrates remaining for the succeeding crop, 
since they arc not retained by the soil they may be entirely 
washed out by heavy autumnal rains. 

•that the autumnal rainfall is the great factor in determining 
whether a hare fallow shall he profitable or not to the following 
crop, may be well seen by comparing the crops yielded by 
these plots with the rainfall and percolation which took place 
during the autumn previous to each crop. 

The percolation through ffO inches of bare soil for the four 
months September to December inclusive, as measured bv tie- 
drain gauge, amounted on the average to iMf» inches for tie- 
seasons 1870-1901. If, then, wo divide the years into two 
groups according as the autumnal percolation is above or below 
the average, and allot to each year the crops on the continuous 
wheat and wheat after follow plots for the harvest following 
the given percolation, we shall obtain the average results shown 
in Table XXV. and illustrated in the diagram Fig, 9. 

Taking the seasons of small rainfoll, averaging H'HH inches 
for the four months September to December inclusive, the 
percolation was only 4 inches, and the total produce on tin- 
wheat after fallow plot was 2743 lb. as against 1810 Hi, 
the continuous wheat plot, or a gain of 933 lb, due to 
fallowing. 
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fallow yielded 1757 II>. against 1027 11>. on the continuous 
wheat plot, or a gain of 120 lbs. only duo to fallowing. 

It will be seen that the bare fallow increased the wheat crop 
coming after it by nearly 52 per cont. when a comparatively dry 
autumn succeeded the fallow, but the increase was less than * 
per cent, when there was much rain and percolation after the 
summer fallow. 

It is interesting to compare these two plots, both without 
manure, with the continuously unmanured plot in the Agdell 
field, which comes into wheat once every four years in the 
course of the rotation (see p. 100). The plot in question has 
received no manure since 1852 ; it is cropped on a four eourw 
rotation, beginning with turnips which arc completely removed 


TaBLK XXVI.— When! ijnnt'u with,ant Mnnnrr. nt /ia/hninulri/ 
(I) (fnrwn, mntimuwty; (2) In.ultrnmt'mn with Fnttuw; 
(.'!) In Fmir-amw rattititm. A eerntje, for tin 12 y,n t x 
(1855, ’50, '02, ’(37, ’71,75,70, '8:!, \‘M, ’05, 1800), 


Continuous Wheat, 
(Broadbalk, Plot 8.) 


Droned Grain jn*r urn*. 1 

i Wheat after Fallow. Il#tiafl»*u Wfjr.nt, S 

! Blot aiftMi Field, floiu 1 


UuMholn. | Builml*. . 

I 2'4 j !M*i ; 


from the land, after the turnips hurley in taken, then votnm n 

season of bare fallow before the wheat. It will thus be seen 
that three crops are removed in the course of the four years, 
but so very small is the turnip crop that practically the laud is 
cropped only every other year. For tlm twelve years during 
which comparison is possible the average crop of wheat grown 
thus in rotation on continuously unmanttred land has been 2N’i| 
bushels per acre, as against 18*1 bushels for wheat, after fallow 
and 12*4 bushels for continuous wheat. 

It is difficult to explain this superiority of the wheat grown 
in rotation over the wiieat after fallow. There arc no more 
residues in the land in the one case than in the other, tin* land 
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is equally clean and has similarly received n summer fallowing 
before tin* wheat crop. In tin* ease of tin; rotation plot, however, 
the particular stratum of soil usually occupied by the wheat 
roots is only drawn upon once in lour years, the intermediate 
crop being the much shallower-rooted barley, 

III, Tin u,s of VAHtmirs or Wmuvi, 

In the eleven years l«7l 1**1. trials were made of about 
twenty varieties of wheat under the ordinary conditions of 
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farming, the wlieuts being grown in a different field ettcli year. 
Table XXVIIa, iihowa the results obtained in btsshflis per 
acre each year, and Table XXVIln. the wmie results 
reduced each year to the common ratio of the average 
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crop taken as 100. The final order represents the mean 
of these last figures, and shows the average relative position 
occupied by each variety when seasonal fluctuations are 
eliminated and each year is allowed the same weight in 

Table XXV IIb. —Varieties of Wheat grown at Jtothumsh-d, 1871«IKK 1, 
Mean Produce of all the varieties each year taken as 1 Oft. 


Variety. 

1871. 

1872. 

1878. 

1874. 

Rivet (Red) 

White Chaff (Red) . 
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1112 

109 

Club Wheat (Red) . 
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108 
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119 

Golden Drop (Red), 
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Bole’s Prolific (Red). 
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Red Langham , 
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Bristol Red 
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making up the average. It is evident from the fluctuating 
position any wheat occupies from year to year that variety 
tests require a good many repetitions before groat trust, can 
be placed in their results. In the present case five wheats 
stand out as considerably heavier croppers than the others on 
the strong Rotharaated land-Rivet, White Chaff (Red), Club 
Oolden Drop, and Bole’s Prolific. Of these, Rivet is perhaps the 
oldest English wheat remaining in cultivation, known everywhere 
for its heavy yields on strong land, its coarse straw, the inferior 
quality of its grain, and its bearded character. White Chafl 
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(lied) appears to ho flu; wheat now grown as Square Heads 
Master, Teverson, etc-., just ns Club wheat is the original form 
of the wheat now' generally known as Square Head. These 
tw r o wheats are perhaps the most generally grown of any 
at the present time. Holden 1 *rop is an ohl wheat of fair 
quality, still very generally grown. Hole's I'mlilie is no longer 
grown as such, hut may represent tins wheat now known as 
Pilgrim’s Prolific ami Ked (Hunt, not uncommon in the South 
Midlands. 

PUACJ ie VI. t ’oN'ri.i sjuNs 

1. The results obtained on the rotation field show that 
wheat, with its deeply rooting habit and its long period of 
growth, is in less need of direct manuring than imof crops of 
the farm. If the land is in good heart it ean usually b<* grown 
with the residues in the soil, especially if it follow * a clover 
crop. 

2, Whenever manure is needed if should he mainly nitre 
geuous, and nitrate of soda generally answers better for wheat 
than sulphate of ammonia. After a wet autumn and winter 
a top-dressing of nitrate of soda, 1 to 1 \ cwi. per acre, w ill be 
found particularly valuable 

U. When wheat is grown two or three times in succession, 
about 1 ewt, per acre of some slow acting nitrogenous manure 
and 2 e.wt. of superphosphate, should he ploughed before 
seeding, and a top-dressing of l to 2 ewt. per acre of nitrate 
of soda should he applied in February. Only on the lightest 
sandy and gravelly soils will any return be obtained for the 
use of kainit and other |wtta4» stilts with wheat. 

#t lliffMfft #f E*|«rl»fiili tin thr Clttiwlfi #if Wlw*i|.f#r IWttlf Years It* 

smwmtoti #fi tbit mnm ljt»fL w Amur* Urn§, Ag* SU (I #64)* §8 urnI 

449 . fhikmmtUtA Mtmmin, V«tf. Iff., Ku. 4. 

## Out Otoate m& our Wheat Amt* Hag* Ag* III* 
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CHATTER V 

KXl'KKIMKNTs IToX HAUEKY 

I * Hu* C.4iiitiiin»ii^ C#ri»m III of Hurl tv I hr %auir l^niitl, JIt*o* Firfil : 

/I, Miiifilnwiirr of Virlil iiiiflrr tin* <ftrmrth of Barley tin 
till* Mtfffi* l#nn«!« 

/I, Effrrl tif Nkitrn|(rii«niH Mftmirr*, 

Effect of Mineral Mitiiiirrn* 

/h C*linriirli*r of I hr C Vt»|> »% affect r*l In* Mamirijij(- 
II. Barley grown in Rotation Agilrll ftrliL 
Bract leal utitl Itefernirrw. 

I. The Conti n rot \s Ckowtji «»e Bakeev ikon the ha me 
Lvni», Hons Fieeh. 

The experiments on the rimlintioUH growth of barley worn 
begun in tilt’ Ht»« field in IH52. Tint arrangement of tho 
plots and tint manures applied to each plot have practically 
been unchanged since, so that the plots to-day show the 
effects of morn tlmn fifty y ears* continuous growth of hurley 
under tho same treatment year after year. 

The Hook field adjoins the Broad ha Ik wheat field and flit) 
Hoil is very similar, 

Tho following varieties of seed have toon town ; Chevalier, 
twenty-nine years, 1852*1380; Archers Stiff* Straw, ten years, 
IM8I-1800 ; Carter's Baris Brize, seven years, Inf) 1-1807 ; and 
Archer’s Btiff Straw, I Him and since, 

Tho manures are sown in the spring, and ploughed in about 
a week or a fortnight before seeding. The plots do not run the 
whole length of this hold, as in Broad balk. Instead, there are 
four longitudinal strip receiving different combinations of the 
mineral manures; these are all crossed by four breadths 
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receiving different nitrogenous manures. The mineral manuring 
on the strips is as follows:—(I) none ; (2) phosphoric acid only, 
no potash or alkali salts; (3) potash, magnesia, and soda, no 
phosphoric acid; and (4) complete mineral manure, supplying 
both phosphoric acid and the alkaline salts. Faoh of these is 
combined with the four different cross-dressings of nitrogenous 
manures - - Series O no nitrogen, Meries A ammonium-salts, 
Series N nitrate of soda, and Series O rape cake. There 
are other plots, one of which has received farmyard manure 
each year, and a second which received farmyard manure for 
the first twenty years but has since been unmanured. 

Table XXVI II. shows the nature aixl quantity of the 
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3 O i Alknlt Salta only, do* 

4 0 J Complete Minerals, do. 

1 A ] Ammonium-gait# alone 


2 A 

8 A 

4 A 

IN 
2 N 

B N 

4 N 

1C 
2 C 
8 C 
4 C 

7-1 

7-2 


Sf*pc*r§dio#phfite and Afttmofiium«*nit«» 
Alkali Salts ami do. 

Complete M fur rote and do. 

Nitrate of SfMlm a ? nttr . 

S«peroh<«pl»te and Nitrate of Soda 
Altalf Salt* and do. 

Complete Mfnemli and do. 

Rape Cake alone 
Suwirplicwpliate and Rape Cfcke 
Alkali He It* and do. 

Complete Mineral* anil do, 

U nTttftxittred (after dung *M yro.d 1) 

Farmyard Manure * , . . ; 


5 M* , 

^ 1 L* ' % 

Jr M Mi 
2 S. '* 


Mr. ; LI* 
•• ' ! • ' 


i mm, 
mm ■ 

umt 

i mm 


H 


LL. 


Jim 

mi 

mm 

mm 


; U?!> 
U7U 

2ll* 

27ii 


•Mdiot *1 


,1.1 

*!:& 

f *> 


4 *j 

V *' 

it> * 

n 

i >%t 

IiV» 

mm 

M d 2WI 


'•4-3 *1/ 

j *)**/:- ■ .<* d 

; ;\ 


M*. : th I I*. 


1110 | Off 

Iho ion 


ffLi ! 


; *ym 

i mm 


:\*u 

, . • mm 

*vu ' ;?‘di 


■T % mm 


; loo j um 

i Urn j ion 


I Mi ! inn 

tm * ton 


Min ■ i no 
I m ' ion 


manures applied each year to the plots. 'Fable X XIX. shows 
the average production of grain and straw for the whole 
period, for the last ten years, and for the single year I iHVJt, 
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Tahiti XXX, shows the average production during each of the 
successive tail year periods from I Hfti?. 

A, MtrinU'HUMu- i*/ Yh'id nmh r th e ('tmtmmttx Ornwth 
of fhtrh »j on tf/t> mm* f Land. 

One of tho plot#, 1-0, has boon without manure idiiee the 
hoginning of the experiments, Under the eontiniiou* hurley- 
growing the decline in production hue lieen much more marked 
than on the wheat plot similarly treated, the average crop liaving 
been only 10 bushels for the last ten year*, against an average of 
more than 1 ft bushels for the whole period. Tlie continual fall of 
crop from decade to decade would seem to show a progressive 
exhaustion of t he soil, without reaching the comparatively stable 
condition of the continuously unmanured wheat plot. The more 
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Table FFSSL.—Experiments on Barley, Hoos Field. Average Frodwe per 
acre of Dressed Grain and Straw over svrressive 10 -year periods , from 
1852-1901 inclusive. 
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limit in i root-range of the plant would bring about a complete 
exhaustion of tin* available noil much sooner with barley than 
with wheat, but there is evidence that the decline in the yield 
of these barley plots is to some extent clue to a run of less 
CRAIN 

Bwilitli 

per Acre 
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favourable liaisons, IE a h the continuously dunged pint, which 
must 1m? gaining fertility, and the plot* which receive heavy com¬ 
plete dressing* of artificial manure* show a similar decline in the 
average production for tin? last four decade*, s* may In* seen 














COMPARISON WHEN GROWN IN ROTATION 7f» 

from diagram Fig. 10, which shows the average yield of grain on 
the unmanured plot, on the dunged plot, and the mean of the 
three plots completely manured with artificial manures. The 
decline in the production of the dunged plot is the least marked, 
although considerable. 

Again, the Agdell field, which comes into barley every 
four years, has shown a decline in its yield of barley during 
the last fifty years, which is very similar to that of the 
continuous barley plots when the yields of each field are 
compared for the same years. Table XXXI. shows the total 
produce from the unmanured and two of the completely 

TabI.E XXXI.— Barlr.ji tjrninn nintinvouHfi/, ttom Fir'it, unit in funr-mumr 
rotation, AijiMI FinM, Comparison of /hr Total Frodiirr ((train amt 
/Straw) prr am in the. yean 185:!, V.7, ’Ob ’05, W, '78, 77, 'HI, '85, 
’80, ’03, ’07, and 1001. 
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manured plots in the Ifoos field for tin? years when barley 
was grown in the Agdell rotation field, for which field tin- 
crops on the unmanured and the most highly manured plot 
are also given. It will be seen that the barley crop grown 
in rotation on the plot that is highly manured (a complete 
manure is put on for the preceding Swede crop, whic h is 
returned to the land) shows the same declines in yield as tin? 
crop on completely manured plots growing barley cont inuously, 
the average production over the whole period and in successive 
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not quite so effective as the more active forms of nitrogen,, 
giving over the whole period an average yield of 41 against 
43 '5 and 42T bushels of grain. This small deficiency has. 
not diminished in the later years, which seems to indicate 
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Minerals Minerals Minerals Farmyard 

+43 Ib.N. + 431b.N. +491b. N. Manure 

as Ammonia. as Nitrate. as Rape Cake. 



Grain per Acre, I b. 



Straw per Acre,1b 


Fig. 11.— Yield of Barley (Grain and Straw) with different sources 
of Nitrogen. Averages for 51 years, 1852-1902. 

The figures in the labels indicate bushels of grain and cwt. of straw. 


that the nitrogen compounds of rape cake are almost wholly 
utilisable by the crop to which they are applied. At any rate, 
no large amount of residue slowly becoming available is left 
in the soil, as in the case of farmyard manure. 

The plot receiving farmyard manure, 7-2, gives a higher 
crop than any other, but the amount of nitrogen supplied in 
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this cast* is very high, being estimated at nearly live times as 
much as on any of the other plots, 

< hie of the permanent barley plots {Plot 7} received 14 tons 
of farmyard manure per acre each year for twenty years in 
succession, viz., from 1 to 1*71, It was then divided into 
two plots, one of which, 7-1, has received no manure of any 
kind since; the other, 7 - It. continued to get its annual dressing 
of 14 tons of dung. After the discontinuance of the dung, the 
hurley crop on that half of the plot naturally began to fall off, 
but only slowly, and even now, after thirty years' cropping 
without manure, the effect of the residues left hy the previous 
twenty years' application of dung is still to he seen in a 
yield that, is double tin- crop obtained from the continuously 
tiumanurcd plot. Table XXXII, shows the total produce 
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obtained from the three plots in question for the thirty years 
which have elapsed since the dung on Plot 7 -1 was discont inued, 
the first five years are given singly, after that five years are 

-.grouped Into one period and the mean result given. In order 
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cuniiimitlly falling, it will only reach tin* lav<*l of that on the 
continuously unmanurcil plot after a longtime. 

(!. l\nf Mint r>if M'tmirin. 

The liothamsteil harlev field a Hunts a more thorough series 
of eomparisotiH of the effect of the various mineral manures than 
does the wheat field, for ill conjunction with each of the nitro 
genous manures we get plots receiving no minerals (1), pho.s* 
phoric acid alone (21, potash and the other alkaline salts, hut no 
phosphoric acid (2); and the complete mineral manure, eon 
taming Itoth phosphoric arid and the alkaline salts (4f. In the 
nhsetice of nitrogen tin* mineral manures have hut little effect, 
though they produce a much greater increase of crop over 
that of the uumanured plot with harley than with wheat. 
Ammonium salts and nit rate of soda used alone are not so 
effective as with wheat, hut the rape cake used without 
minerals gives almost as hig a crop as when supplemented 
wit It a complete mineral manure. Of course rajie cake is not 
a purely nitrogenous manure, hut itself supplies about 24 lh, of 
phosphoric acid and 17 lh, of potash per acre per annum. 

The diagram Fig, K) shows in a graphic form the effects of 
the various mineral manures, the nitrogen supply being the 
same in all cases. 

The great importance of phosphoric acid to the barley crop 
is seen on comparing Plots 3 and 4, which only differ from 
one another tit the omission of phosphoric acid on Plots 3. 
It will hi; seen that Plot* 3 give hut little more crop than Plot# 
1, which receive nitrogen alone—only 32*9 bushels |wr acre 
against 32, taking this average of the three series A, N, and 0 
—but that a very marked increase to 42*2 bushels per acre is 
found on Plots 4 for the addition of phosphoric acid. Tit© 
straw shows just as marked an increase of crop brought about 
by phosphoric acid as does the grain, rising from 19*7 ewt, to 
23*0 cwt. per acre. In the Held the most striking effect is 
seen in the hastened maturity brought about by the phosphoric 
acid. Not only are Plots 2 and 4, which receive phosphoric 
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#> 

acid,- in the ear long before Plots 3 and (to a less extent) 
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Fig. 13.—Effect of Mineral Manures on the yield of Barley (Grain and Straw). 
Mean of Series A. N. and C. 51 years (1852-1902). 

Plots 1, but they will have begun to yellow for harvest when 
Plots 3 still show only upright green ears. 

v 






KXPKBIMKXTS PPON BAULKY 


s2 

Comparing Hots '2 and -1, we s«- that a manure supplying 
phosphoric acid and nitrogen is almost as effective as a complete 
manure containing also potash and the other alkaline salts. 
There is a great increase of crop caused hy the superphosphate 
and nitrogen on Plots 2 , over the nitrogen alone on Plots 1, 
and very little further increase for the further addition of 
potash and other alkaline salts on Plots -1. Where the nitro¬ 
genous manure is nitrate of soda or rape rake, the omission of 
tin* potash on Plots 2 compared with Plots ■!. receiving a 
complete manure, shows no effect, whether we make the 
comparison over the whole period or for successive ten year 
periods. With ammonium salts, however, as the source of 
nitrogen the omission of potash does eventually diminish flu* 
crop; for the first thirty years the crops on Plots 1 A and ‘2 A, 

T\i4i,K XXXII t. if if n hi */ /Ac t*fV*m* I tnf/ocf/ 

f i‘tfk / * sit ,/*> ? ^ t" * r •* - (nr Jf) i%< r* ‘ „f ?ii JVrfjvIV 

1*f In ii\ij fit*’ /V • / ; #V v- P /• t A *f *\ ) ( f* ’>J* B 


i Ifittfri »f 2 & to I A* Aftifiiwiiii4*i»-t«ll« . r < S'* l h r* • >* ** I 

| lUtto mi 2|#t l N» mtmU t»f Kudu , ;** V 1 * Vrt % 

with and without potash, were equal, hut it* the fourt h decade, as 
tint soil became depicted hy the continual removal of jiotaah, 
the crop on Plot 2 began to fall off, and the diminution is much 
increased in the next decade. That there is no similar falling-off 
in the yield of the corresponding plot receiving nitrates of soda, 
is partly duo to the greater root-range induced hy the notable 
nitrate, and partly to the effect of the soda baae of this salt in 
rendering available to the plant the potash reserves of the soil. 

Table XXXIII, ihowi very clearly how the omission of 
potash begin* to tell upon Plot 2 .4, manured with ammonium- 
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show the ratio the yield of Plot 2 (without potash) bore to that 
of Plot 4 (with potash), during each decade. 

Thus the yield on Plot 2 A (ammonium-salts and super¬ 
phosphate), which for the first thirty years was practically equal 
to that on Plot 4 A (ammonium-salts, superphosphate and 
potash), fell off by 10 per cent, in the fourth decade and 23 per¬ 
cent. in the fifth; whereas the corresponding yield on Plot 2 N 
(nitrate of soda, and superphosphate), is as good as that of 4 X 
(nitrate of soda, superphosphate and potash) up to the end. 

Potash plays a less important part than phosphoric acid 
in the manuring of barley. Yery little increase of crop has 
resulted from its use on the Rothamsted soil, and the only 
indication of the supply in the soil giving out has been seen in 
the last twenty years on the plot receiving superphosphate and 
ammonium-salts. Of course the Rothamsted soil starts with 
a very large original store of potash. 

Speaking generally, we find that barley is much more 
dependent on a supply of mineral manures than is wheat, a 
free supply of phosphoric acid in particular being essential to 
its proper development. 

D. Character of the Crop as affected by Manuring. 

Table XXXIV. shows some of the characteristics of the 
barley crop during the last fourteen years compared with the 
average market valuations put upon the samples by Mr Few, 
of Cambridge, who has examined them from year to year. 
The current market price prevailing at the time of the 
valuation is taken as 100, and the value put on each sample 
is calculated on that basis. The first thing that becomes 
apparent on inspecting the table is that it is impossible to grow 
high-class barley by simply starving the plant. In each of the 
series it will be seen that the barley showing the highest 
average value, the best weight per bushel, the largest grains, 
and the smallest proportion of tail corn is that grown on Plots 
4, where a complete manure containing both nitrogen and 
minerals is supplied. It does not, however, follow that any 
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M 

kind of manure will improve tin 1 totality of tin* barley. Tin* 
grain from tin* plot receiving farmyard manure every year, 
duspite the liijjrli vvinght per bushel, and the hold berry imlieated 
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by the high weight of Hitt grain* 

, ha* 

y**t a value 

eonniderably 

below the average. Again, the 

tiw* oi 

l‘ nitrogen i 

done on Plot 


1 A or 1 X give* tlie lowest freight per bushel and the lowest 
valuation of the whole aerie*. It ha* already been seen that 
the yield of the barley erop is very dejHtttdenl on the supply of 
mineral*, especially of phosphoric aeid, mid tin* table now 
under consideration show* that the «atne effect extend* to the 
•ptnlity of the erop. The tine of superphosphate on Pint# 2 m 
compared with Plots I give* it better proportion of grain to 
straw, a higher weight |Mtr bushel, and it greatly increased 
value; wmilarly, the oinWoti of superphosphate on Plot* *1 tut 
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compared with Plots 4 results in a deterioration of all tin? 
qualities making for value in the barley. Comparing the. 
barley from Plots 3 and Plots 1, in the absence of super¬ 
phosphate the potash salts on Plots 3 do not effect much 
improvement, though their presence on Plots 4 as compared 
with Plots 2 results in an improved quality. The presence of 
potash in the manure increases the straw more than the grain. 
In all the series it will be seen that Plots 3 and 4, receiving 
potash, give a lower proportion of grain to straw than do Plots 
1 and 2, without potash. 

If we compare the series together, the rape cake gives 
better barleys than either ammonium-salts or nitrate of soda, 
but the sample which on the average is the best, is that grown 
with the full minerals and ammonium-salts. 

Table XXXY. gives a comparison of the crop of grain and 
straw, the weight per bushel of the grain, and the proportion 
of grain to straw, in 1803, a typically dry and hot year, and in 
1894, a wet but free-growing year. 

The amount of grain produced is not dissimilar in the two 
years, but 1894 grew very much more straw, the average 
proportion of grain to straw being only about 70 as 
against 90 in the dry season. The weight per bushel 
of the grain is also higher, averaging 557 lb. in the dry 
year 1893 as against f>2 - 5 lb. in the wet year 1894. In the 
dry year the plot receiving farmyard manure had a very great, 
advantage, and grew 25 per cent, more than the other completely 
manured plots; whereas in the wet season when it gave about 
its average crop, several others gave almost as much, and it was 
actually excelled by the plot receiving nitrate of soda and 
minerals. As was noticed in the case of the wheat crop, 
nitrate of soda answered better than ammonium-salts in the 
wet year, giving on Plot 4 N 45 bushels of grain and 33"4 ewt. 
of straw against 41’4 bushels of grain and 2<P8 ewt, of straw on 
Plot 4 A; whereas in the dry year the ammonium-salts had a 
slight advantage. Taking, however, averages over the whole 
period, it is found that the seasons in which the ammonium- 
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salts. give a better crop than the nitrate of soda are wetter 
throughout than those in which the nitrate of soda is the more 
effective source of nitrogen. A wet March seems to be the 
most hurtful to the nitrate of soda plot. The comparative 
effect of the mineral manures in a wet and dry season are also 
similar to those noticed in the case of the wheat.. In the wet 
season the crop is very dependent upon supplies of minerals in 
the manure, and-especially on an abundance of phosphoric 
acid. In 1894 the addition of phosphoric acid raised the 
yield from 10‘4 bushels per acre on Plot 1 A to S4'9 bushels 
per acre on Plot 2 A, and from 17'8 bushels per acre on 
Plot 3 A to 41 '4 bushels per acre on Plot 4 A. In a dry 
season it is potash that chiefly tells ; for example in 1893 the 
addition of potash on Plot 4 A to the superphosphate and 
ammonium-salts on Plot 2 A, produced a specially marked 
increase of crop, from 181 to 30'8 bushels per acre. 

Doubtless in the wet season the ripening effect of the 
phosphoric acid is specially valuable, while in a dry season the 
potash, by inducing a longer period of growth, is more effective 
in increasing the crop. The ripening action of the phosphoric 
acid may also be seen in the way it increases the weight per 
bushel of the grain in a wet season, whereas in a dry season it 
has little or no effect. ' 

In the dry season the weight per bushel is much higher 
than in the wet, and the grain is about equal in weight to the 
straw, whereas in the wet season the weight of grain only 
amounts to about 70 per cent, of the straw. 

Taking the results as a whole, it is seen that season has a 
much greater effect in bringing about changes in the composi¬ 
tion of the barley grain than have variations in the manuring, 
but that the best barley will be grown with a fair but not large 
amount of nitrogenous manure combined with a free supply of 
phosphoric acid in some way or other. 

It does not appear possible to establish any such critical 
periods for the rainfall in relation to the growth of barley as 
could be done for wheat. 



HXPERIMEXTK ITnN BAREEV 


Tint Table (XX XVI.) shows the Jiffy three barley crops 
since JH.VJ, taking the average of the completely manured 
plots divided into Jive groups according to their yield of grain, 

Tu.u: XXXVI, 
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together with the mean rainfall for each of the five months 
during which growth is proceeding. No very definite relation 
ship is observable, though a gemrai tendency will he seen 
to get the heaviest average yield w hen tie* earlier months of 
growth (March to .May) are dry, also the lightest average* yield 
when the latter months of growth (dune and duly) art* tie* 
driest. 

II,—BaKJ.KV (blows IS JinTATloS, AotU'U, FlKt.U. 

It hiut already been stated that the production of barley in 
the rotation field shows much the same decline on the manured 
plots as it does on the completely manured plot* in the Hons 
field, hut that the decline must on the whole l« set down to 
unfavourable seasons. 

For selected plots on the rotation field, Table XXXVII. 
gives the production of grain and straw and certain particular* 
ns to quality, taking an average of the lost live courses only. 
The first plot has been wholly untnittiured, and all the crops 
in the rotation are removal from the land; the average produc¬ 
tion is, however, higher than on tin* ntimanured plots growing 
barley continuously, because of the fallow ing the land receive*. 
When minerals only are applied to the root-crop on Plot 2 
(mots are grown immediately before the fntrley), there results a 
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comparatively large production of roots; since these are re¬ 
moved and since no nitrogen has been supplied, they v take away 
a certain quantity of nitrogen, and therefore exhaust the soil 


Table XXXYII. — Agdell notation Barley. Average of 5 years 
(1885, ’89, ’93, ’97, and 1901). 


Manuring 

Treat- 

Third 

Course 

in 

Rotation. 

Produce per 
acre. 

Weight 

Grain 

to 

100 of 
Straw. 

Weight 

Nitrogen 
per cent, 
in Dry 
Grain. 

Estimated 

for Roots before 
Barley. 

rnent of 
Roots. 

Grain. 

Straw. 

per 

Bush. 

of 1000 
Grains. 

Value per 
Quarter. 




Bush. 

Cwt. 

Lb. 


Grams. 

Per cent. 

s. 

D. 

1. Unmanured 

Carted 

Fallow 

15-6 

10*8 

53*8 

76-6 

42*4 

1*562 

27 

10 

2. Minerals . 

Carted 

Fallow 

13*6 

9*3 

54*0 

77-3 

39*7 

1-484 

28 

7 

3. Do. . . 

Carted 

Clover 

19*9 

12*8 

54*4 

80*0 

43*0 

1-559 

29 

0 

4. Do. . . 

Fed 

Clover 

28-9 

17*5 

55*3 

85-9 

44-3 

1-576 

29 

11 

o. Complete . 

Fed 

Clover 

34-1 

23*4 

55-3 

74-9 

46-2 

1-693 

29 

6 


on this plot of its nitrogen to a much greater extent than on 
Plot 1, which grows a very small root-crop; hence a smaller 
barley crop follows the roots on Plot 2. The minerals in 
fact do not increase the production of the barley to an extent 
which will compensate for the loss of nitrogen in the increased 
root-crop previously brought about by the minerals. 

On Plot 3, however, clover (or beans) is grown as the third 
irop in the rotation, and by collecting nitrogen from the atmos¬ 
phere leaves behind a residue in the soil which is still available 
? or the barley crop coming three years later. On Plot 4 there 
s a still greater supply of nitrogen, for not only is a leguminous 
irop grown, but also the root-crop preceding the clover is 
■eturned to the land. On Plot 5 the barley finds the 
naximum amount of nitrogen; here clover is grown, and the 
oot-crop receives a nitrogenous dressing of rape cake and 
mmonium-salts; all this nitrogen is returned to the soil 
a the root-crop which precedes the barley. It will be seen 
hat on these five plots the growth of barley is proportional 
o the amount of nitrogen which may be supposed to be 
vailable; all except Plot 1 receive heavy mineral dressings 
ontaining both phosphoric acid and potash, yet in the 
bsence of nitrogen these minerals on Plot 2 are not able 
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tu raise the crop above, nnr even up to tie* of tin* wholly 
umnanurcd Plot 1. 

The weight per bushel increases with each addition of 
nitrogen ; up ton certain point tin* propotlioit of grain to straw, 
mil! the weight of 1000 grains also increases, hut on Plot 
with the highest nitrogen, the,si* characters begin to show a 
decline. Tin* percentage of nitrogen in the hurleys increases 
with the supply in tin* soil, hut only heroine* »t all above the 
average with the highest sample from Plot f». Tie* valuation 
rises with tin* supply of nitrogen in the soil up to a eertain 
point, hut. shows a slight decline for the last sample from 

Hot a. 

Summarising these result's. u»* >••»» that a good weight per 
bushel ami a large hern eannot he obtained without a 
sullteient supply of nitrogen in fie* soil, hut when a eertain 
point has been miehetl further e\ec>-. of nitrogen in the soil 
results in coarseness ami att excessive proportion of nitrogen 
in the grain, deteriorating the fpmlity. A fair .supply of 
phosphates are also necessary to ensure early and complete 
maturation. In the Agdell held, Plot I represents the best 
soil conditioim to obtain high quality in the barley ; on Plot a 
this optimum point has been ]*a*«ed, and flu* laud has heeome 
too rich in nitrogen compounds, 

Tim barley grown in rotation is on the whole much superior 
to that grown continuously, mainly because its supply of 
nitrogen is derived from the nitrification of nitrogenous residues 
in the soil, /,.*,, from what it farmer would call “condition," and 
not from nitrogenous manure directly applied. 

Piucticai, (’oNVJ.t'StON* 

t. The twrley crop is far more dependent than wheat ufion 
a supply of manure, and will require manuring when it is 
grown as a second white-straw crop, except on land in very 
good condition, After roots which have been wholly or 
partially fed on the land, or after a clover Icy, there is already 
sufficient and often too much, nitrogenous matter in the land. 
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2. The artificial manure used in the first case should contain 
a fair amount of nitrogen, as without it both the yield will bit 
low and the berry small. Sulphato of ammonia is a better 
barley manure than nitrate of soda, giving equal yield ami 
generally superior quality. The quantity used should not be 
more than lh cwt. per acre. Rape cake up to T> ewt. per aero is 
also a good source of nitrogen for the barley crop. 

3. Barley is particularly dependent on a free supply of 
phosphoric acid, 3 cwt. of superphosphate per acre may bo 
profitably used on most soils, especially where the climate is 
wet. Even with barley after roots superphosphate is valuable, 
hastening the ripening and making the sample more uniform. 

4. An artificial supply of potash is rarely likely to be 
wanted, except on dry sands and gravels and in dry seasons. 
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E^jfrftfffrttii iijMtii C hith grown n*iitssni**ii^ly n^mn lli-r mnw l#mnl l 

Ficlil, 

I*ai‘j;iumkntk upon oath on very similar t*> flu* trials with 
wheat and hurley wen* begun in IH81I in tin* C»i*i*Mcruft field, hut 
on a smaller wale.an only six plots, each oiw-righth aero, were 
set out. These experiment* were, however, abandoned after 
ten years; the < tcescroft. field, although it shows on physical 
analysis a lighter texture than either Brondbulk or I loos 
fields, yet. a 1 ways lies eoiujmratm-ly wet, and appears to 
suffer more than any other field from the continued twe of 
nitrate of soda, probably because! the chalking to which the 
other fields have been subjected has not been carried out in flux 
field. As the experiments ran into this cycle of wait season* 
from 1873 onwards, it became almost impossible to work the 
land, and the experiment way* abandoned after I87S, 

The average results set, out in Table XXX VIII. are forth** 
first five years only of the experiment. 

Putting aiide the deterioration of the texture of the land, 
which may be taken an an accident independent of the nature 
of the crop, there in no evidence that outs cannot be grown 
continuously on the same land—the tenth crop on the 
ttnmanured plot, for example, was larger than any other since 
the first. Hi® manurial requirements of the onta are alio very 
, similar to those of the other cereal crops, resembling barley 
perhaps more titan wheat. The crop show*® some response to 
• minerals only, but the chief increase of crop comes with 

f 
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OATS GROWN CONTINUOUSLY 

ions of nitrogen. Even allowing for the deterioration 
texture which so much affected the nitrate of soda 
immonium-salts appear to be the better source of 

1. 


XXVIII.—CW#, Owscrofi; Field. Average Produce per acre, 5 years 
(1869-1873). JJesrrijitiorh of Oats—Black Tartarian. 
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* E«pal j-irli of J4tilj4iaie axul Muriate Ammonia of Commerce. 


the manuring of oats in practice the recommendations 
for barley may bo followed, except that the quantities 
iven may be somewhat increased for oats. 
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kXi'fcuiMi.STN was uumT‘I*h< n*s i»ii<*\\n i k M%riNT«it **% tiiic 

.HAMIv l,\M» 

I } ; *,%}ii'riiiiriil% 1I|$I»|| M«fi||rK llitru I irl«L iWf* 

,L Effrrl «f Nitro#i<n«>ti% Mutiurr*. 

H Jvlfrri *4* Miiictal Mumm**. 

fi 1 stiiijiuri*tiiit tif Nitfrttr »*!' $i*h» i*ti4 -m **f 

Vitmgni. 

/i Kffrrt tif Nltri*gni«ii% amt al n!$nt iwnl n» C*ni« 

mlfli Dun#, 

#1 i*r«|»»riifiii i»f Ifwf In Lcnf 

F nf I hr \ifr»f?ri§ rrrMvrrrt! >« t'r«ji t«* tSmt *tij*|*|jr<l In 

Mmmtr, 

f#* 11$r Vmnimmitkm itf llir Miiiigrl <>»|i m Uy %l muring, 

f i r 11 r m I f *iIIIf; I tin!on *, 

II. Efiftrfiifirfftfi ujMtu Tnriiljw* ll»rn I ir 1*1, 1M? 

| # wrflmi t 

III E%fw*riiiir lit pi oil flir Iknimtmm thumih *»f «n» flit mmr, Infill, 

iioimrviii, im urn, 

Erurfli nl Vtmrlu4mn f 

IV, E%|irrlinriil^ on llir iktmik «f SttfiarJIrrl, 11* w firM 
J, Fif^l *Hi+rir% J*i I ‘To, 

11 ^rroinl Hrrir^i 

Ifrfrrnirr^* 

A* the original design of tin* IbtftMtusUd Kxi«*r>inents 
« , niltjw* , il nil the crops of the fitrm, m a frnfnrr* of 

English farming as the root.crop# naturally occupied a 
prominent place; indeed we find that the second paper of 
experimental results Issued from Kothamstrd in 1847 dealt 
with turnip culture. In 18411, accordingly, the Ihirn field wits 
»et aside for experiments on turnips, the trials being on 
Norfolk white turnips for six seasons, 1813-1848, followed by 


_i 
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Swedes for four seasons, 1849-1852. Barley was then grown 
for three years to equalise the soil conditions, and the plots 
were rearranged on substantially the plan they occupy to-day. 
Swede turnips were grown for fifteen seasons, 1856-1870, but 
it was found impossible to continue the growth of Swedes 
upon the same land year after year with any success. This 
'/ was mainly due to the incidental circumstance that on growing 
the same description of crop, with the same comparatively 
limited and superficial root-range, for so many years in 
succession, the surface soil became less easily worked, and the 
tilth, so important for turnips, was frequently unsatisfactory; 
whilst for want of variety and depth of root-range of the crop, 

I a somewhat impervious pan was formed below. After the 
Swedes sugar-beet followed for five years with the same 
manures, except that in the last two the nitrogenous manures 
were omitted, and in 1876 mangels took the place of sugar- 
beet and have continued ever since. No difficulty has been ! 
experienced in growing mangels continuously on the same 
land, as may be seen from the fact that the twenty-fifth crop in i 
1900 was the largest of the series. This success must be 
attributed partly to the extended root-range of the mangel, 
partly also to its freedom from insect and fungoid attacks, 
which tend to accumulate on land carrying one crop con¬ 
tinuously. The only difficulty is experienced on the plots 
receiving saline manures only, especially where large dressings 
of nitrate of soda are repeated every year. Owing to the 
constant removal of organic matter and the injurious action of 
the saline manures upon the texture of the soil the land gets 
into a bad mechanical condition, very sticky when wet, and 
drying with a hard crust, so much so that there is occasionally 
a complete loss of plant from this cause alone. 

In the Hoos field experiments upon potatoes were begun 
in 1876, and continued for twenty-six years; they were then 
discontinued, because the crop on the plots receiving no organic 
manures had fallen to a very low ebb in consequence of the 
deterioration of the texture of the soil. But on the plots 
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receiving farmyard manure, ami even mi th<o-’- re. eivim: ■ *nh a 
complete artificial manure, flu- crop «a- maintained in taroni 
able seasons. No falling-off w;is "Iserved whi«*h **"uM ! «• 
attributed to the land having hemnm "sh-h " through th- 
eontinuouH growth of the saim* crop, *»r tbrongh tie* ae> uumla 
fion of disease! in the soil. 

Tht! essential feature of the runt ernje, i•• tie* buv« uiooum 
of digestible carbohydrate they conjoin ; in tie* * a,v *<j S« d* > 

this consist h of glueo.He, which ferine *t to « ]e r » '•nn <d m* 

whole weight of the Swedes, the total dry matter sn: d n? 
11 percent, of the whole. In tie* m;»ng< 1 tins'* i ;d<.u' w .* 

per cent, of eane sugar, the total dry matter }« iug -d* *ni It’ .< 

per cent. In potatoes the earl udivdrute i - tear b, ol e. hen 
the tubers contain about go per * <*ni , out «.! , 4 n ro; J. * n .c * 
content of‘in per cent. 

1. -Kx»*KUIMt*ATs t >*«»\ \{ ',%*»! te, 15 'O'.'* ! Hie, 

1*74 

The urea under experiment amount* to about * a* r«“*, most 
of the plots being about one-seventh mr*‘ in extent tie* wlmh- 
produce from eiieh plot is weighed, but tie ;■ a* -te a,* 
carted away, the leave# after weighing being spread and 

ploughed in. 

The field is divided longitudinally info **evet» strip?* running 
the whole length of the field; earli of the*** ro 

one manure throughout its length ; farmyard manure alone **n 
Strip 1, and in combination with «it|icrphospliatc and sulphate 
of potash on Strip % nothing on Strip •*, #u|wrphu#phat« 
alone on Strip f», siiperphospliato and sulphate of j*»tAJiit «t» 
Strip 6; and complete minerals, including farther sulphate of 
magnesia and common salt, on Snip I Tie* strip* a»v tie s, 
subdivided into plots by er<ro * dreeing* of wtrogeuMO * 
manures; nothing on the it Serb*#, nitrate of sod* *<i. 
Series N, ammonium salt* on Series A, rajs? uib* on 
Series (J» and a combination of asnmonittm Milt* and rape 
cake on Series ACJ. Thus, m shown in Table XXXIX , 
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there are plot# showing every combination between the varioUH 
miiientl ami nitrogenous dressings employed. 

The mineral maimres, the dung and the rape cake, are 

TiliLE XXXI X.'—Kj'fn'riwrntH mi Many fit If Vo*/, U*ita FirJtl, tmjhmintj 
lK?fi Quant itim **f Man arm pt t nvr*' prr an nttm. 
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ploughed in just before seeding, the? ammonitirn-saltB and 
nitrate of Hoda are howii as top dressings. 

Tin? Heed was dibbled in the? earlier years of t in? exfwmment; 
if is now drilled, 20 inches between the rows, and the plants 
are singled out to Hi inches apart. 

The following tables give, (XL.) the average weight of roots 
grown on each plot during the twenty-seven years, 1K7<1-1002 ; 
(XL!.) the weight of roots and leaves grown in the best season, 
11100. 

A first inspection of the results shows the enormous value 
of farmyard manure in growing mangels, espeeially when they 
arts grown continuously on the same laud. In favourable 
seasons it is possible to obtain good erops by the aid of 
manures eontaining no organie matter, as seen in H«M>; but 
in ordinary years the bail texture of the soil and its tendeitry 
to lose water on aerount of the Jack of humus affect both the 
germination of the seed and the growth of tins plant in it* early 
stages. It will be eonvenienf, therefore, to consider sejmrutely 

o 
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the plots receiving dung and those which arc manured nrlu 
sively with “artificials.’’ 

Txnih X b i*'hi ^l/fi II ft > i f -y v f* f J it- .* 

/*v* »dv/ 27 f I N’/tf rf I ho;* • 

















A. EjTert t)J Nitrwjt'mm* Manurr*. The mangel wurzel, 
being a plant with a large; leaf development, was at one t ime 
to a certain extent regarded as one of the restorative crops, 
capable, with its largo area of leaf, of drawing upon the 
.atmospheric nitrogen and thus rendering itself independent of 
nitrogenous manures. Though it was obvious that nitrogenous 
manures had a powerful effect even upon leafy crops, it was 
tirged that the benefit consisted in starting the crops, which, 
as soon as they had attained their proper development of leaf, 
would continue to feed themselves by drawing upon the 
nitrogen of the atmosphere. It was with the view of testing 
the truth of this opinion that the manuring on Plots 7 was 
arranged. They receive superphosphate; and sulphate of 
potash as mineral manures, together with a small quantity of 
nitrogen, lb. per acre of ammonium-salts containing 7*8 lh. 
of nitrogen per acre, about one-eleventh of the amount 
applied to t he plots in Series A. 

On the hypothesis indicated above, the small quantity of 
nitrogen would act as a starter, and establish the plant, which 
should then be able to maintain itself upon atmospheric 
nitrogen. 

The results, however, yielded by Plots 7 as com|jared with 
Plot 0 show this opinion to be mistaken, the small addition of 

7*8 lb. of nitrogen per acre produces an increase of crop of 1*4 
ton per acre only, whereas a further 80 lb. of nitrogen raises 
the crop by 87 tons per acre. 

Thus the opinion may be dismissed that the mangel plant 
when once started can become independent of the nitrogen in 
the soil and manure. 

We may next pass on to a consideration of the effects of 
the varying forms and amounts of nitrogen when used with¬ 
out any mineral manuring, />,, on Plots 8, where no standard 
manures an; applied. The entirely unmanured plot (H ()} 
has produced an average crop of Tit tons of roots only, 
which is increased by the application of 80 lb. nitrogen in th** 
ammonium-salts to Mi tons, and by ftn lb, of nitrogen in the 



100 


EXPERIMENTS PPoN R()(>T-('RnPS 

form of rape cake to 10-0 tons. A further addition ot "<i lh. 
of nitrogen (as ammonium-salts) to tin* 5h H>. nf nitr>»g. n in 
rape cake (Plot H AC) produced no mon- invn , :^<- ,4 > r«*p, 
which remains practically stationary at U * ton*. 11>»«« v< r, 
with 86 lh, of nitrogen in the shape of nitrate of s<wia the r- mlt 
is somewhat higher than in any other < **>*♦•, for tie « rop 
amounts to I0‘2 tons, a result which will !<«• jicre in?' lltgiM*’ 
later. In all these wises, however, the crop b a v < rv in lift* r 
ent one for the large amounts of nitri at* n « mploy> d. ,ed tie* 
aspect of the plots dearly slum that the plant ha * »-<'* ;v*.| 
far more nitrogen than it can effectively utilise in i)». ;d< <*-ec>- 
of the other mineral constituents which go to net),* up a 
complete plant food. 

We may now turn to Plots 1, wS»*-jv oip> rpho-ph.it*; 
sulphates of potash and magnesia, and common mil u* tied 
in conjunction with nitrogenous manures thus c<u* .tituimg a 
complete manure which supplie* all tie- d'-im-m*. of pj;»u* 
nutrition. 

The diagram Fig. 14 shows on the left hand the average 
results obtained with the varying amount* and compound m of 
nitrogen on the Plots 4 in ipicstion, where* flier** hum abundant 
supply of mineral manure. The right-hand half of the diagram 
shows the effect of the same nitmgenuu* manure# when u«r>d 
in conjunction with dung instead of complete mineral*, for 
an account of which, see j*tgu 10 m, 

Without nitrogen (Plot 4 ttf a very small crop t* grow n, 
5*4 tons per acre, which is increased to 14 It tun* per acre 
hy the addition of 86 lh. nitrogen in ammonium-sail*, or to 
18*0 tons per aero by the samo amount of nitrogen applied in 
the s^npe of nitrate of soda. The npplieaiioti of {♦* lb of 
nitrogen per acre in rape take ineraao * the crop to 21 :t ion* 
per acre, and when hoth rape cake and ammonium oudt* 
are used toother, making an application of 184 lh, of 
nitrogen per acre, the crop is raised to feTft tons p*r acre. 
Thus when all the other element# of a plant food are present, 
the crop increases with each addition of nitrogen The timmum 















of crop is somewhat dependent on the source of nitrogen 
«mp!oye<l: thus 1 lb, of nitrogen as ammonium-salts given an 
increase of 0110 ton, as nitrate of soda the increase is Oi47 
ton for each 11*. of nitrogen, while with rape cake the increase 
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is 0100 ton for each Ih, «*f nitrogen applied, ffupe cake, in faef, 
»s not strictly comparable with the other two sources of 
nitrogen, for not only does it contribute a considerable amount 
of organic matter to ti e soil, thus improving its texture and 
water-retaining power, hut it is also a more slowly acting 
manure. Some of its residues ficcuimilate from season to 
season, and little by little become available for the later crops, 
while we have plenty of evidence that, on the Kothamsleil soil, 
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neither nitrate of soda nor ammimium.Hults leave any •!•- 
residue. 

In seasons of exceptional growth, with a big crop lilo - that 
of 1000, it might he exported that as the plant was utilising 
much more thoroughly the supply «>f nitrogen, then tie- ouulhr 
amounts on some of the plots, plentiful enough f**i an ordinary 
year, might, prove to he insuffieient. I here is no indieat ion, h<»« 
ever, of this being the ease, as may he seen by a confederation of 
Table XU,; the increase of crop on Plots I, receiving n«» dung 
but a complete mineral manure, continue* with «'arh application 
of nitrogen, hut. not more so than in normal seasons * hi tin- 
dunged plots, indeed, it is not those receiving most nitrogen 
(Plots 1 and 2 AC), which give the highest crop, hut tho*<- 
cross-dressed with nitrate of soda, as though the availability *4 
the nitrogen and the presence of a large supply of alkaline wilts 
had been the determining factors in producing tie* maximum 
crop. The whole results go to show that, dependent on 
nitrogen as the mangel crop is, the fir** application the 
most effective, each succeeding addition of nitrogen poulticing 
a smaller return in the shape of an increase »f crop. 

The injurious effects of the very large amounts of nitrogen 
added to some of the plots is very manifest vih< rcv < r there is 
more nitrogen than the plant can proj*<» ly deal with. The 
leaves have a dark green apjsni ranee, are nmeh curled and 
crinkled, and show an increased tendency to variegation, the 
chlorophyll collecting into dark green or almost black bloti h* 4 
on the lighter background of the leaf, Thu h$af»stalk* nr** 
often much more coloured, and liecoww* a bright orange 
yellow. 

On these plot* the leave* do not ripen off and obtain the 
general yellow flaccid appearance presented on flic more 
healthy plots when the crop is ready to lift;; instead, the outer 
leaves begin to die and shrivel up iptito early in f tetolwr ; 
to some place* they show numbers of dead sputa and Intrnt* 
looking patches round tin* edges of the leaf, 

the destruction appears to W dun to a leaf* spot fungus, 










( f nwi(C4‘!* !»>(n>, and to a Tantht y which is abundantly developed 
on the mangels on the plot* receiving an excess of nitrogen 
hut is not present elsewhere in the field. 

Thus, towards the end of October the plots receiving the 
excess of nitrogen present a very unhealt hy appearance; a 
large proportion of the plants seem scorehed and withered as 
regards the outer leaves, and only show a cluster of small dark 
green active leaves at, tin* heart. 

Tile above appearances are not confined to the plots 
receiving very large amounts of nitrogen; it is rather a 
question of the relative excess of nitrogen as eompared with 
the quantity of available alkalies, especially of potash. Thus 
the plants on Plot I AC are particularly had, as they receive 
the maximum amount of active nitrogen in addition to the 
dung, whereas the plants on Plot 2 AC, which receive the 
same nitrogen hut also sulphate of potash, are comparatively 
healthy. The plants receiving nitrate of soda as a source of 
nitrogen show less damage than those receiving an equivalent 
amount of nitrogen in the shape of ammonium salt*. .Suj*er- 
phospliate, in the absence of alkaline salts, seems to increase 
rather than diminish the 'injurious effects, 

lk of Mio/iire*. The effect, of the different 

mineral constituents of a manure upon the mangel crop can be 
seen by an examination of the results yielded by Plots -1, f>, 
and 0. Plots ft receive siijierphosphate only at the rate of 
lititl lb. per acre, Plots <} receive iiCM) lb. per acre of sulphate 
of potash in addition to the HUftcrpliosphatc, while on Plots 4 
the other alkalies which are taken up by the plant are added 
in the shape of 200 lb. of sulphate of magnesia and 200 lb. of 
common salt j»er acre. In the cross-dressings of nitrogenous 
manures it should be noticed that all the plots in Series N 
receive soda through the use of nitrate of soda, whereas the 
other nitrogenous dressings, being either amuioniunomltM or 
rapts cake, provide no appreciable amount of alkaline salts. 

The following diagram (iff) shows the results given in 
Table XL, but set out in a graphic form, for Plots **, 5, 0, and 
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4; the fir.nf column in ouch group reprints ?!»<• m»*un !>»r 
twenty-seven years on Plot \ rendvitig no mineral manutvs ; tin* 
second coluuu) represents tin* crop of Plot ivrmung Hnjwr 
phosphate only ; the third, that of Plot », with potash m 
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addition to the itipopphoapliafi?; and tins hint column represent* 
tho crop of Plot 4, which receive* wijwrjihmpltate and nil tin* 
alkalies -potash, ttiagiioaia, and a»nla. Tho four plot# In twit 
scries are grouped Panther. To tin* firm group {OJ no 
nitrogenous manure I* applied; in tin* second nitrate of 
soda; in the third (A), ammonium salt*; in tin* fourth (<Pj, raja* 
cake; and in the fifth (A(5), rapt? cake and ammonium salt*, 
are respectively the sources of nitrogen. 

A first inspection of Uie diagram shows that superphosphate 
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produces hut little increase of crop except when used with 
nitrate of aodu ; the average inomine of crop due to HUperphon 
phate on Series A, A(', and O, where unimonia or rape cake in 
the source of nitrogen, is only I'2 tons per acre, whereas the 
average increase it causes where nitmte of soda is used 
amounts to f>*2 tons per acre. This latter result demonstrates 
that phosphoric acid is necessary fra* the proper development 
of the mangel plant, hut that in the absence of alkaline salts 
on the ammonia ami rape cake plots it cannot exercise any 
sensible influence. 

The great increase of crop comes as a mb* when potash is 
added to tie* superphosphate , thi* crop on the plots receiving 
ammonium-salts rises from 7*7 to lift tons per acre; with 
rape cake tin* rise is from Il l to Inlj tons per acre; with 
rape r ake ami ammonium suits the increase is from HI'-! to 
gg*o tons per acre. Only with nitrate of sorb as the sourer* of 
nitrogen is there no increase for the addition of pot ash, the 
crop being practically crpmi on the two plots fj ami ft, with amt 
without potash. The necessity of potash for the mangel crop 
is a ill more a rikingly seen in tin* seasons of large crop ; where 
no potash is supplied in tin* manure the plant has to get a,-* 
much as if can from the reserves of potash contained in tin* 
soil, and. as it is diflienU to accelerate this process, the crop on 
these plot h cannot make nearly such good use of favourable 
conditions for growth as tie* crops which have a large amount 
of potash at command. For example, in IJMHt the addition of 
potash to superphosphate and ammonium salts raised tie* crop 
from 12 0 to * 2**2 tons j«*r acre, and on the plots receiving rajs* 
cake and ammonium salts the rise was front Hit to 117'A tons 
per acre. 

A further inspection of tint ilia grain slums f hat tin* addition 
of magnesium sulphate and stilt to the {dots receiving potash 
and su|«»rphosjihftte, ns represented by the last columns in the 
figure, brings altout a further small hut perceptible increase of 
crop, and the increase is proportionately more for the larger 
crops, The most probable eatise is that the 100 lb. of soluble 
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salts, the. magnesium sulphate and * hl<»ii«!*• ndd<*d f«» 

Plots 4 but nut to Plots 4, flu nigh providing n<> dm*’ pitot 
food, yet so assist to render soluble fit*' reserve* in fit*- "**il and 
to economist; tht* supply ttf potash, that fit** crop *'*■»•> o»-.s an 
indirect, benefit equivalent to tut addition **f the indi-p-n 

sable fdements of nutrition. 

Tht! great effect of potash, and to a !>■**.> degree •<! fie* <*tlo t 
alkaline salts, upon the mangel crop is very striking, and is i«* 
he correlated with tht* fact that tie* tnaic’- t i* ’ ■ ' " 5 d * 
sugar-producing plant, and that large supplies <4 potash ■*»-« »» 
to he essential to tht* processes in the plant which result iu do* 
formation of sugar ami similar carbohydrates. 

Doubtless the long |>criod over which tin* exjwrimenu !»«%** 


been continued has intensified the ctbat, laiauw* tie* *'dl *4 
Plot 0, which has received mi jiotash for at l«*ii.*4 f««rty *rv<ii 
yearn, must by this time have been very thorough!} exhausted 
of available potash. The poor returns of Plots f», receiving no 
potash, have been progressive, getting worse each year m do* 
initial stock of potash in the soil has lamme more and more 
exhausted. For this reason, the fanner faking his mange) 
crop tit rotation need not expect to find att addition *4" j«s#td» 
produce such a very large proportionate increase as is here 
manifest. 


The effect of potash and of the other saline manure* s* 
plainly visible in the appearance of the plants il*< i«m*Iv< a,, 
On tho plots receiving jiotadi tlm plant Wgius to up » early, 
the leaves turn yellow find become flaccid, m that in October 
those plots may las seen outlined from the rest by their lighter 
tint at any distance from which She field can bn viewed. Tin* 
ripening effect and the lighter colour are »w**i* more apjwroot 
where tike complete mineral manure, containing also magnesium 
sulphate anti salt, lias Iwen applied, thaw where poind* lias 
been used alone. On the contrary, the plots receiving no 
potash show all the signs previously deaerilsd as indicating an 
excess of nitrogen-the premature death of the outer h<uvc*, 
and the dark green, curled, aiul unhealthy appearance of the 
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remaining tufts of maall Lavon, which show no sign** ot 
completing their growth however prolonged the Henson may hr. 

C. Vtnnjutrmm of Nltrutu of SmUt tint/ Ammonium .W/.* tut 
soum-st of Nitrotjun. It linn already been pointed out that the 
plots of Series X cross-dressed with nitrate of soda, give 
Letter crops than the corresponding plots of Series A, which 
receive the same amount of nitrogen in the form of ammonium 
sulphate and chloride. This is jmrticulnrly the case on Plots 
b and M, where no potash is added, for the soda of the nitrate 
of soda seems to supply the alkali needed Ly the plant, or at 
any rate enables it to utilise the reserves contained in the 
soil. The superiority of nitrate of soda is, however, also very 
evident on the other plots receiving potash or tin* complete 
alkaline salts. 'Faking the mean of Plots 1, 2, 4, 0, and 7. and 
comparing Series X and A, the crop obtained with hO 11*. of 
nitrogen in the form of nitrate of soda exceeds the crop of the 
corresponding plots in the ratio of 100 to Hit. On the 
Hot hamster! soil nitrate of stain always gives rather a higher 
return titan ammonium-sails, hut not quite to the same extent 
with other crops as with mangels; the superiority of nitrate 
of soda ts, however, not so marked as to suggest, any specific 
affinity of mangels for nitrate of soda, lovers of saline matter 
and of nitrates though they are. 

The cause of the superiority of the nitrate of soda is 
probably to be found in the different character of the growt h it 
induces; being freely soluble in water and not retained in any 
way by the soil, it sinks more readily, with the result that the 
plant develops a longer and deeper read-system to follow the 
nutriment. Ammonium-salts, on the contrary, are immediately 
absorbed by soil of the Rothaixmted type, and are retainer! 
very close to the surface; the plant in consequence develops a 
root-system correspondingly near the surface, and does not 
search the subsoil so thoroughly for either food or water. 

The appearance of the mangel crop when it is ready to lift 
also confirms the opinion expressed above, that the wtijsirtortly 
of the nitrate of soda is partly due to the increased mot .range 
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it induces. If we compare the plots receiving potash, viz., 4, 
6, and 7, those which are cross-dressed with ammonium-salts 
are dead ripe and the leaves all yellowing off, when the corre¬ 
sponding nitrate of soda plots are still green and growing 
vigorously. The droughts and heat of the summer and the 
autumnal fall of temperature all have a greater effect on the 
more shallow-rooted mangels grown with ammonium-salts, 
and bring their growth to an earlier conclusion; the pro¬ 
longed growth with the nitrate of soda helps also to explain 
the greater weight of produce on these plots. If, however, 
we compare the appearances presented by the mangels grown 
with nitrate of soda and with ammonium-salts on Plots 5 and 
8, where the manure contains no potash, the nitrate of soda 
plants are far healthier and more mature. In this case the 
nitrate of soda seems to be also able to do some of the work of 
the potash, both by enabling the plant with its extended root- 
range to draw more freely upon reserves of potash in the soil 
and subsoil, and also by the soda acting itself as a potash 
substitute, or perhaps more correctly, as a potash economiser. 
Here, with no potash supplied, the superiority of the plots 
receiving nitrate of soda over the corresponding plots with 
ammonium-salts has been a progressive one, increasing from 
year to year; while the relative effect of nitrate of soda and 
ammonium-salts when potash is also supplied in the manure 
is constant, or only varies with the character of the seasons. 

D. Effect of Nitrogenous and Mineral Manures when used in 
Conjunction with Dung. It has already been indicated that the 
crops on plots receiving dung are on the average much better 
than those grown with artificial manures only. To a large 
extent this is due to the improvement in the texture and water- 
retaining capacity of the soil which has been effected by the 
repeated application of farmyard manure. The seed always 
germinates better on these plots and grows away at an earlier 
date, so that in some years of great heat and drought, like 
1895 and 1901, a crop is obtained on the dunged plots when 
the plant fails almost entirely on the plots receiving no organic 










value of farmyard manure 


109 


Even when the plant does not entirely fail it has 
>Ite n noticed that, if a spell of hot weather comes in the 
• of the season, the plant on the dunged plots will be 

,W1I1 8 vigorously when that on the other plots is still 
for existence. Later on, when all the plant is 
1 Is ued, the differences are not so marked, and in favourable 
■Hoiiis -tlie crop on the plots manured with artificials rivals 
‘ (:1 *op grown with dung, if due allowance be made for the 
^ >r ount of nitrogen actually supplied to the dunged plots. 

J lacs right-hand portion of the diagram Fig. 14, page 101, 
iwh t,lie effect of the successive additions of other nitrogenous 
nurow to dung. 

< *t mwidering first the crops on Plot 1, in each series (see 
!*!*• XL,., page 98), we find that notwithstanding the large 

mint, of nitrogen which the dung supplies, and its accumula- 
h in tlie soil, yet dressings of quickly-acting nitrogenous 
mi row will still bring about an increase of crop. The 
umlit, of nitrogen annually supplied to Plot 1-0 is much 
*at«*r tdtian is removed by the crop, hence there must be a 
lora/ble accumulation of nitrogen from year to year in tlie 
1 of tliis plot. Nevertheless, these reserves cannot become 
i vo < i ixickly enough for the needs of so rapidly growing a 
.i»f «.« fclue mangel, hence the increase which is seen when a 
I!*«.»** addition of active nitrogen in the shape of ammonium- 
f h or of nitrate of soda is made. 

W hen more than 86 lb. per acre of nitrogen is added, as on 
[*t 1 C, which receives 98 lb. of nitrogen as rape cake, or 
on X > lot 1 AC, which receives 184 lb. of nitrogen as rape 
«ci and ammonium-salts, no further increase of crop is seen, 

* average remains stationary at 24 tons per acre. The crop 

* in fact, attained its maximum, and is limited, not by the 
ion fit of nitrogen and other plant food available, but by its 
ilrlcfed period of growth, or by a scarcity of water, sunlight, 
i| otlior* factors of development. 

Turning to a comparison of Plots 1 and 2, some interesting 
utIt.** are to be seen; both receive a similar dressing of 
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14 tons per acre of* farmyard manure '•'< n >> ar, hut f.»r ih«* 
first nineteen years of the -xperimrut. tom 1*7« f I'M. 
V\m 2 received in addition :U cwt. per acre «4 superphosphate. 


m?h *14 



fm* 14 • Mitttpri Wiiwrl, Ef##t 4 <« !*»*#* 

wimm Kftmtfmum A**t%gr pp*$m # 4 tt**** $#$ m ** 


From this first period w« emu ascertain tin* effect of super* 
phosphate ns h supplement to dung, In the second |rri**l, 
which Ixtgins in 180S, sulphate of potash baa h*w added to 
the sujntrphosphate on Hot* % m m to institute a com¬ 
parison between the effect of dung aloft® and of dong in 
conjunction with jwfasli and p!»m*ph»i«?s, The results are 
set out graphically in the accompanying diagram Fig. Ml 
The left-hand half of this diagram shows the first period, when 
dung Is compared with dung and phosphates, The right-hand 
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half of tin* diagram refers to the second period, |wbf> 11)02, 
when potash was being used on Plot 2. 

The dotted columns in the diagram represent the crops on 
Plot h 1, where no mineral manures are, used with the dung ; the 
cross hutched columns represent Plots 2, to which in the first 
period superphosphate was added; the hlaek columns the 
same Plots 2 in the second period, when potash was also lining 
employed. Each of the | mirs of eolumns represent s a different 
11 itrogenous cross-dressing. 

From the left-hand half it is evident that superphosphate 
when used with dung has produced no effect upon the crop 
during the nineteen years of the first period. With no other 
nitrogenous manures, or when nitrate of soda is used us a 
cross-dressing, there is a small increase from the use of super 
phosphate, but it seems to cause even a falling-off when added 
to ammonium-salts or rape cake and dung. 

Turning now to the effect of sulphat e of potash when added 
to dung, as represented by the right, hand diagram in Fig. It}, 
we find that the potash produeeu a very marked effect. During 
this last period the crops on Plots 2, receiving potash and 
phosphates, have been mneh superior to those on Plots I, 
receiving dung alone; although in the earlier period, when 
phosphates but no potash were used on 2, the two series of 
plots were practically equal. The increase caused l»y potash is 
naturally most seen in .Series O, A, <J, and A(' ; in Series N, 
which is cross dressed with nitrate of soda, much less benefit 
is seen for the addition of potash. 

Considering the large amount of potash contained its dung, 
and the enormous residue which must have accumulated by 
the yearly application of 14 tons per acre for the last forty seven 
years, the result »» very striking, as showing the dependence of 
the mange! crop on an abundant supply of potash. The appliea 
tion of farmyard manure is generally considered to supply 
sufficient |totaah to remove the need for any further specific 
manuring with potash salt s even to so potash-loving a crop «» 
mangels, but these experiments show that even when dung has 
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"been applied continuously for a long time, the application of 
potash will still result in an increase of crop. The appearance 
of the crop is even more indicative of the value of the potash 
•dressing; where it has been applied the crop is altogether 
healthier and riper, especially where the excessive dressings of 
nitrogen have been used. 

E. Proportion of Root to Leaf. At the time the crop is 
lifted the leaves are weighed, then they are spread upon the 
land to be ploughed in again. 

The amount of leaf grown is almost wholly dependent upon 
the supply of nitrogen, and variations in the mineral manures 
have but little effect. When the growth is normal, the weight 
of leaf is about 20 per cent, of that of the root, and the more 
the alkaline salts, potash, soda, and magnesia, are added in the 
manure, the more thorough is the maturation of the crop and 
the lower does the proportion of leaf become. The highest 
proportion of leaf to root is shown on those plots which receive 
a comparative over-supply of nitrogen, but no alkaline salts, 
potash, soda, or magnesia, to restore the balance of the 
constituents of the manure. 

In good seasons when the crop of roots is large, the amount 
of leaf shows little corresponding increase, hardly more than 
would be accounted for by the comparative absence of blanks 
and missed plant which characterises a good season. 

It is evident that when once the plant has developed a 
sufficiency of leaf, the difference between a good and a bad 
season depends upon the rapidity with which the leaves can do 
their work of carbon assimilation from the atmosphere, for all 
the products of that action are at once passed on to the root 
and stored there, in the case of the mangel chiefly in the form 
of sugar. A good season with a heavy yield of roots does not 
involve any greater luxuriance of leaf than usual, just as, in a 
si m ilar manner, plots which grow a small crop of roots because 
of the absence of alkaline salts may yet possess a normal 
development of leaf 

F. Proportion of the Nitrogen recovered in Crop to that 
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supplied in Manure. In view of the large amounts of nitrogen 
applied in the manures, it is important to consider what 
proportion of each of the different nitrogenous compounds 
is recovered in the crop. 

If the soil has suffered no loss of nitrogen, then the whole 
of the nitrogen removed in the crop must have been derived 


Table XLII. — Mangel Wurzel. Relation between the Nitrogen recovered, 
in Crop and that supplied in Manure. 


Series. 

Cross-Dressings. 

Average Produce 
per acre of Roots. 

Nitrogen. 

Per cent, in 
Fresli Roots. 

Per acre per 
annum in Roots. 

Supplied in 
Manure per 
acre per annum. 

Recovered in 
Roots for 100 in 
Manure. 

Plots 4.—Superphosphate, Sulphates of Potash and Magnesia, and Common Salt. 



Tons. 

Per cent. 

Lb. 

Lb. 

Per cent. 

N 

Nitrate of Soda, 550 lb. =86 lb. N. 

17-95* 

0-164* 

67-2 

86 

78*1 

A 

Ammonium-salts, 400 lb. =86 lb. N. 

15-12* 

0-145* 

49*3 

86 

57-3 

AC 

Rape Cake, 2000 lb. = 98 lb. N. and Am- 







monium-salts, 400 lb. =86 lb. N. 

24-911' 

0-184+ 

103*0 

184 

56-0 

C 

Rape Cake, 2000 lb. = 98 lb. N. . 

20-95+ 

0-148+ 

69-4 

98 

70-9 

Plots 1.—Farmyard Dung, 14 tons. 

0 

None. 

17-44 

0-162+ 

63-3 

200 

31*6 

N 

Nitrate of Soda, 550 lb. =86 lb. N. 

24-74 

0*209£ 

115*8 

286 

40-5 

A 

Ammonium-salts, 400 lb. =86 lb. N. 

21-73 

0-217+ 

105*6 

286 

36*9 

AC 

Rape Cake, 2000 lb. = 98 lb. N. and Am- 







monium-salts, 400 lb. =86 lb. N. 

24*05 

0-241J 

129-8 

384 

33*8 

C 

Rape Cake, 2000 lb. = 98 lb. N. 

28*96 

0-207+ 

111-1 

298 

37-3 


* Average for 21 years, omitting 1876-7, 1886,1896, 1901-2. 
t Average for 22 years, omitting 1876-7, 1885,1901-2. 

% Percentage calculated from 9 years, 1878-82,1897-1900. 


from the manure, and on that assumption the percentages given 
in the following table are calculated. . In calculating the 
amount of nitrogen recovered each year no account has been 
taken of the leaves, because they are returned to the soil and 
their nitrogen is not removed from the land; if both leaf and 
root were taken into account the recovery of nitrogen for any 
single year would be very much greater; indeed in some 

seasons when a big crop is grown more nitrogen is removed in 
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the roots alone than ua.-* hhj i in tin- hem tu ■ urn - 

Table XLIE shows the nitrogen -ii|*j*1 i> d and r> ■ >"’■ • d h u 

Plots 4, where there was a full stipph of mncT.d uemur* x, an-1 
from Plots I, where dung was used with n-n**u« in-itituv* 
The results show that both the nitrate *>f ■.-la ,,n i ‘ 1<- t. 4 * 

cake are very effective manures, about •petro-. ..f tie 

nitrogen they supply each tear hmng foo^-p-d in ?f<- r<-<4 s * 
removed from tin* land ; ihe ammonium ,T .eel an,., urom 
salts mixed with rape eake are |<* *. .f|. '-tn <•, th- in.' 

between f>0 and <50 p<T eeitt, ef that tj*jd; * 4 1 1 ' h<- Jv t» 

receiving; dung, tit'* pr* portion of libr-vn j> • o*.-r< ! .»* *<n< 

becomes \ery intieh lens, huhing to ,d*<mt *,u*' *fitd > -t the* 
.supplier! jn the manure, P i.- known *E-*.’ 'h- 1 <■ . a \ a > 
accumulation of nitrogen in the -"il <•; »h> - > -.m ,va- n h 

dunked plots, though mb sutfioimt’ to maV- up til t!, ddb-j * n> « 
hetween the nitrogen ..applied and that r< ne>v r.| «, tie- - top 
<)fthe nitrogen tmaeroimod for, h,, b« <n waded a* 

nitrate into the ^tilwoH, and soon liber.»t»*d .tv nifr»*gcn bv 
the agency of bacterial changes. 

Thus, when dung and nitrate ar*' u *<'d, I Id s IP <4 nbi-.gcu 
is recovered in the crop as computed wbh Oh d lit i> > oi end 
from tlnj dtmu when ri.-ted alone ; if we deduct tie- Oh ti II*, 
due to the dung, from the t Jo h lh, %<- obtain lb,, w hi* h 
inay ho taken as the jeturn from il*** nitrogen of the nitrate *4 
soda when if is used in conjunction with dung. Tin * amount', 
to 01 per (rent, of the *0 II*. of nitrogen * tipple d, a proportion 
which compares favourably with the proportion »*covered from 
nitrate of soda when uaed with a mineral manure only, if we 
take into consideration the fact that a mtu li bigger crop is being 
* witli *J»* <wo manure* in conjunction than with cider 
1 avo warn Iwfore, if is the smaller apple at ions 
ft the best proportionate returns, 
jwing the large proportion of the nitrogen 
and other nitrogenous manure* that w 
» they are tieec! In largo amount* with 
on the name lend, lend no colour to the 
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opinion that in ordinary farming there is likely to be serious 
loss of nitrogen by “ denitrification ” # when nitrogenous manures 
and dung are used together. The soil is undoubtedly always 
suffering losses of nitrogen in the gaseous state through various 
bacterial changes which can be roughly grouped together 
under the term “ denitrification,” and these losses will increase 
the higher the condition of the land becomes and the more 
nitrogenous bodies of an easily decomposable nature are 
present. But there is no evidence in the Rothamsted mangel 
experiments to support the view that specific and excessive 
loss will set in when dung and nitrate of soda, or other 
active nitrogenous manure, are used together. 

G. The Composition of the Mangel Crop as affected by 
Manuring. In many of the years during which the mangels 
have been grown, determinations have been made of the 
amount of sugar contained in the roots from the different 
plots, sugar being the chief constituent of the dry matter of 
the mangel and the main element in its value as food. Table 
XLIII. gives a summary of the results obtained in 1900 and 
1902, years when crops were obtained above the average both 
in regularity and magnitude. In the various columns are set 
out the average weight of the roots, the proportions of dry 
matter and of sugar, both the glucose or reducing sugar and 
the more important cane sugar, also the dry matter and sugar 
in pounds per acre on each plot. Other columns give the 
quotient of purity, by which is meant the percentage of cane 
sugar in the dry matter, and the glucose coefficient or the 
relation per cent, of the glucose to the cane sugar. 

It will be at once seen that the variations in the composi¬ 
tion of the roots are small compared with the variations in the 
yield from plot to plot; the average weight of root varies 
from 0'7l to 3'95 lb., but the proportion of dry matter only 
fluctuates between 15'3 per cent, and 10'9 per cent. In the 
main the root grows as a whole from a very early stage, 
increasing in size but maintaining a fairly uniform composition. 


* See p. 219. 
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There un% however, certain "htrorencfi in«‘oujeoitien which, 
if nut large, ar«* regular, hh' 1 hrough* nhout to Mm *tifl>***• i»* > «• 
in immuring, Ilealing with ;i ^-r'w. of roof'- wheel* re< «*n*- an 
ample supply of mim-ml I'utiHiiiui'uM, a* «*u Plot* if, -i t «<r <1, Mm 
size of tin* mol «n«l the proportion of wain tn will* *••«!* 
mhlitiou of avaihthh* nitrogen. Tin* Mwalhot «u*l H* hc*t rum * 
am thom* grown without t»ftri*g»*noui* manure, the large,! amt 
most vmtttry are ihcww whttm nitrate of *o*ia t# m** 4 *! in *•«.»■ 
jttucthnt with liuug. The roots grown with suMtnoiiituii salt*. 





SUGAR IN MANGELS 


117 


"with rape cake as the source of nitrogen are less watery 
stn those grown with nitrate of soda, rape cake producing 
^ richest roots for their size. As regards its effect both on 
^ magnitude and composition of the crop, 200 lb. of nitrogen 
clung are less effective than 86 lb. in nitrate of soda or 98 lb. 
r*ape cake, and have about the same value as 86 lb. of nitrogen 
ammonium- salts. 

It has already been noticed that the use of ammonium- 
Its promotes an earlier maturity than does nitrate of soda; 
ds is seen in the generally higher “quotient of purity” of the 
as compared with the “N” series. The glucose co¬ 
ll cient is correspondingly lower in the “A” series. Excess 
:* xxitrogen has the same effect as the substitution of nitrate of 
•>da in lowering the quotient of purity and raising the glucose 
> efficient. For instance, Plot 2 N gives a quotient of purity 
5 5 o as compared with 64'9 and 62 - 2 on Plots 4 N and 6 N, 
I rich receive the same mineral manures but not the extra 
itrogen of the dung on Plot 2 N; similarly, the glucose co- 
EHcient is 65 on Plot 2 N and only 3’0 and 34 on 4 N and 
IST. Again, all the plots on the AC series, receiving both 
x;pe cake and ammonium-salts, show worse results as regards 
xxrity than the corresponding plots on either the A or the C 
armies, which receive only one portion of the nitrogenous 
lanure on series AC. 

The dependence of sugar-formation upon potash is well 
sen by comparing the weights of sugar per acre produced on 
’lots 4 or 6, receiving potash, with the corresponding weights 
•om Plot 5, without potash; or by comparing Plots 2, where 
ung, nitrogenous manures, phosphates, and potash are applied, 
vitli Plots 1, which receive dung and nitrogenous manures only. 
7o this latter statement the nitrate Plots 1 and 2 afford an 
xoeption. As a rule, however, the percentage of sugar in the 
o ot is little if at all increased by the use of potash; the effect 
oxnes from the increased crop, and is apparent in the amount 
,f sugar grown per acre. The. quotient of purity is, however, 
y&tter on Plots 4 and 6, with potash, than on Plots 5, without 
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potash; )tut this eflert of poia-h in indm-in.- tlm rip'-mm; *4' 
the mangel is not visible in tIn* <Imu.r■ *l 

Although the mialyses \\hieh huv* b>-<*u mad<* *»f tie* niti * 

gonou.s const it m-nts of maiumR ar*- u<»t ye* uhdh ■ ? ■ ’-» t «« j \, 

certain results am appamnt. 

As regards tlir* total nitrogen, dr' pmpurJem pi- •• n* m 
the root reflects th«* supply of niir< >:!‘-n in tin- manum, aid 
as tin* roots Oft larger ami timm watery with tin- u»e «.f 
nitrate of sotla or any execs* <4 nit rug*-non-, manure, >»» 
also dot’s the proportion of nifmg>u rm- in th«- -<ub-„nmec of 
the rot it. As to the forms in which t If ititm.g-n < umbined 
the proportion of nitrogen in tie- pmt<*id f»n»iiii«»u, whether 
soluble or insoluble, is at its high*-*! iu the plant - w!n« li 
lire nitrogen starve!!, and fall * to v low* * point ttie m 

nitrate of him la or any excess of other nitrogenous iiiamu-e* 
arts used. 

The amide* am abo at lledr hi de *1 on t h*- pEm* «hi* h 
show immaturity because of ?h<‘ a -• of lo-g* *pi,o<t it i» < 4 
nitrogen, an*i cipt-eially of nit rat*- of ■ «da ; on tie contrary, 
thti use of potash at nuee diuiimde‘4 tie pr ipm m *n >4 
amides. The proportion of uitraf« - pm* cut !<*,, affected 

hy tho manuring, but it is highest wh**n an cvo-oivc amount 
of nitrogenous manure is used, or wle-n nit rat*- of woda '♦applies 
the nitrogen in the manure, am! i* tonally dirntnided by the 
list! of a free supply of potash. 

Speaking generally, then, it will h<* *r<u ffiat though tic 
composit ion of mangel* is not greatly influenced by mmituing, 
yet certain factors go logether. Highly nitrogenous manum, 
especially when the nitrogen is in the form of nitrate of soda, 
produce large ami watery roots, whose immaturity t« reflect* *1 
in the low quotient of purity, the high glneuw* coefficient, the 
high content of nitrogenous matters, of which again a large 
proportion is in the form of amities ami nitrates. If the 
nitrogen i# in excess and tlm mineral manures arc deficient 
these differences are intensified, wlierea* an nhtmdant supply 
of potash tends to produce a more normal mart. 
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Practical Conclusions 

Looking at the results of the experiments at Rothamstecl 
on the continuous growth of mangels with various manures 
for twenty-seven years, from the point of view of the practical 
farmer the following general conclusions can be drawn :— 

1. Mangels can be grown continuously on the same land 
without injuring the tilth of the land or the health of the crop. 

2. A liberal dressing of farmyard manure forms the best 
basis of the manure for mangels. 

3. The crop will further respond to considerable additions 
of active nitrogenous manures to the dung, particularly of 
nitrate of soda. 

4. A free supply of potash salts is essential to the proper 
development of the mangel, hence a specific potash manuring 
is desirable even when dung is used in large quantities, and 
on a strong soil initially rich in potash. "When nitrogenous 
manures are used in addition to dung, the potash salts should 
be increased pro rata, in order to maintain the health and 
feeding value of the crop and to bring it to maturity. . 

5. Superphosphate or other pliosphatic manure is hardly 
necessary with dung, and will give little appreciable return, 
especially when the crop is grown in rotation. 

6. Since soluble alkaline salts are beneficial to the mangel 
crop, either as direct foods or as economisers of potash, a 
dressing of salt should always be included among the manures 
for the mangel crop. 

II.— Experiments upon Turnips, Barn Field, 1843-70. 

The experiments upon turnips may be divided into four 
series, the two earlier dealing with Norfolk white turnips, the 
two later with Swedes. The chief difference between these 
two crops lies in the greater proportion of leaf and the more 
watery nature of the white turnip. 

It will not be necessary to give the results obtained in the 
first trial 1843-5, but the three later experiments were set out 
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Oil practically tin* same* Hue* ;c have been mainlmiied f«»r sle* 
mangel crop today, anil arc mmmari'ed in labl'- \ 1,1 \ 

These results show the yi-eat dependence >‘f the mrui]i cr<«p 
upon the supply of a phosphatie manure lilm snjx rph-.,ph.it*, 
whereas* there seems hut little nceij i>f aitv e\i«-nial y, ipply >4 
alkaline salts when turnips are -^r-aviny <m a n* ol hie- *ha" *4 
Iiothamsteil. The crop u a * mere s -<"1 !o •' fit cl I." w', 4 
nitrogen, Imt the increase wa jn >t lav 1 *, ami *tb *’* ! " U- ) at 
more than the root, f 'util tin soil had b> ''"Hi’ «?' ph '' 1 -4 h 
available nit ro<renuu* compound* by P p*Mt< -11 y o cv,:.. tie 
crop without any applicate in * «f r* e,f>-n up t ph ■ph-."’ ah >-* 
without any nitrogenous mantirc .'-ic- it * to a > 'anp.o atb* H 
good crop. The vahn of asp> rpleopSi.u* a •*< m o»>a > f*»* 
Swedes and turnip'' of all hind* «.»-• b<<md ' * »m u* tin- 
extended roof-development it indue..!, * «j.< > 'ally nh<n *le’ 
plant was young. It wa*. from th* *■ ■ ei'lv ><\ p- i ;n it*- ■ ha* 
agriculturists firs! haunt how <• «nii>d w>r* pic ’plinth- 
manures to flu* growth of turnip -, and tin t * t *h t’ flu* 
manure for turnip* should emei-i of * op. rph" phat* in tie 
main with hut iitth* nitrogen, n manme. ■ ...m p.e <; into 
the common stock of farming kuowh dye ,md y- uni'.* r sally 
acted upon to-day. At tin* sane fine'fie vm* < ••• »*f -uje i 
phosphate manuring for Swede and ‘mnip »r*»p- 1> d t** an 
enormous development of tin* unmnfnrtnye of *ujh »j*h • .splint* 
from mineral pho«j»hate% which wa* flu » beginning umb r the 
patent# taken out by Lawcs, 

In the earlier yean* hut little return waa obtained for |**iy«dt 
manure#, hut a# tin; plot# continued to 1»> t*m»p|ie4 with nitrogen 
and phosphoric acid Imt without pntadi, the soil 

gradually depleted of available pot&ah and the potaalt manur**-# 

began to ihow large effect*. 

As haw already been mentioned, it was #t*»n futind m-eeswin 
to discontinue the attempt to grow Swede# year after year on 

the same land. The soil at Itothaimtcd m not very well 
suited to the crop, Itelng heavy and awkward to work, and in 
consequence of the use of aalino ttMinttf** and the restricted 
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Table XLIV .—Turnips grown in Barn Field, Bothamsted. Produce 
of Eoots per acre per annum. 


Strip. 

Strip Manures. 

Cross-Dressings. 

0. 

N. 

A. 

AC. 

C. 

6 

a 

o 

& 

eSx3 

*15 

a 

2 . 

S'* 

C to 
1 

5 I 

"■giS 

11 
1 $ 

d 

M 

eS 

O 

I 

Norfolk White Turnips, 4 seasons (1845-48). 

3 

4 

h 

Nitrogen per acre in Cross-Dressings 

Lb. 

Lb. 

Lb. 

45 

Lb. 

135 

Lb. 

90 

Gypsum, 1845; afterwards Unmanured (av. 1846-47-48) 
Superphos. each year; Pot., Sod., and Mag., 1847-48 
Superphosphate. 

Superphos. each year; and Potash in 1847-48 . 

Cwt. 

24 

161 

176 

160 

Cwt. 

Cwt. 

27 

195 
198 

196 

Cwt. 

110 

205 

201 

207 

Cwt. 

131 

222 

218 

217 

Swedes, 4 seasons (1849-52).+ 

3 

4 

5 

n 

Nitrogen per acre in Cross-Dressings 

Lb. 

Lb. 

Lb. 

43 

Lb. 

141 

Lb. 

98 

No Standard Manure, 1846 and since 

Superphos., Sulphates Pot. and Mag., and Soda-ash 
Superphosphate. 

Superphosphate and Sulphate Potash 

Cwt. 

46 

157 

149 

136 

Cwt. 

Cwt. 

77 

189 

174 

174 

Cwt. 

140 

261 

224 

248 

Cwt. 

154 

247 

210 

234 

Swedes, 5 years (1856-60).+ 

1 

2 

3 

4 

5 

6 

7 

8 

Nitrogen per acre in Cross-Dressings 

Lb. 

Lb. 

43 

Lb. 

43 

Cwt 

190 

191 
21 

130 

108 

129 

143 

34 

Lb. 

51 

Lb. 

98 

14 tons Farmyard Dung. 

Do. and Superphosphate . 

No Standard Manure, 1846 and since 

Complete Mineral Manure. 

Superphosphate. 

Superphosphate and Sulphate Potash 

Superphos., Sulph. Pot., and 36J lb. Amm.-salts 

No Standard Manure, 1853 and since 

Cwt. 

145 

155 

17 

106 

96 

82 

100 

39 

Cwt. 

156 

152 

24 

124 

123 

103 

116 

48 

Cwt. 

181 

171 

30 

134 

119 

128 

152 

46 

Cwt. 

127 

119 

24 

95 

86 

91 

111 

59 

Swedes, 10 years (1861-70). 

1 

2 

3 

4 

5 

6 

7 

8 

Nitrogen per acre in Cross-Dressings 

Lb. 

Lb. 

86 

Lb. 

86 

Lb. 

184 

Lb. 

98 

14 tons Farmyard Dung ...... 

Do. and Superphosphate . 

No Standard Manure, 1846 and since 

Superphos. only ; previously Complete Minerals 

Superphosphate. 

Do. ; previously Sulph. Potash also 

Do.; previously Sulph. Pot, and 3641b. Amm.-salts also 
No Standard Manure, 1853 and since 

Cwt. 

143 

143 

11 

52 

49 

45 

49 

22 

Cwt. 

177 

183 

21 

115 

103 
105 

104 
35 

Cwt. 

194 

190 

13 

100 

81 

88 

95 

23 

Cwt. 

210 

210 

89 

158 

138 

150 

156 

104 

Cwt. 
202 
198 ’ 
95 
134 
124 
126 
130 
93 


* In the 5 years (1856-00) the Nitrogen was applied as Nitric Acid mixed with sawdust, 
t No Cross-Dressings applied in 1861 or 1852. 

X Average produce of 3 years duly (1856-58), as the crops of 1869 and I860 failed. 











root-range of the plant, a sitidurury iil'h >'ii >>t d* 

plots became so diHieult to tMuhlidi that a i»-**»d plan* iar< i-» 
resulted. 

Pi; via u, I’• •vu se >v* 

1. The experiment * show that Sn* >!< « an«l «bu< turnip, 
cannot In* grown rcjM*atedly on tic sane* laid, "f oni at den 
intervals. 

*2. The manuring for Swede* mu*! !«<• !;;■ » d, a ' le ;«?d t 
is much more quickly affect nl in poverty <>r < %!«.»>?*?s<.n in 
the soil than is the ease with the oiler <*t *l#«• farm 

3. Although under favoiirali|<’ condition* Sweden ran he 
grown with artificial manures only, \ ■ ? tie v a> ■ e< vi* 1 / 
on a good tilth ami on the retention of moisture in tie- surface 
soil that the mannring should begin with an application <<j 
farmyard manure, unless the land is already in high rouditt«*ti 

4. Since Swedes grow at a warm time of de aid 

receive much cultivation of the soil, nitrttlcuiion m a*tn*- and 
the crop docs not require a large amount of nitrogenous 
manure. In the absence of dung, ah-ntc 2 - ? p-s -ore ><f 

sumo nitrogenous matuire like fish guano or rap’ dust, together 
with I cwt per aero of mtlphiife of rimuinnia, oil! ho o»tT»rjent, 
When tlung i« used, the latter only is iiecuowry, For the 
shallow-rooting Swedes crop sulphate of amttmui i /«pp< .u * to 
Imj a bettor manure than nttrato of train, 

5. The phosphau'c manuring i# most important, and ahotild 
con«i«t of II to 5 cwt. of fiipeyphofpliate or an equivalent of 
basic slag in the cants of .strong soils, Only on the lighter 
noils will jmtaali he required ; about 3 cwt. of knitiil, per acre 
in the winter may thon la; tw«|. 

III.—Ex PK1UMKNTtt OK Till', (kiSHIM «t :* tlt?OW III o|* l*o|AP»ls 
OS THE SAMK UHtl, Hour FiM.fi, 18?IMWI1. 

Those experiments wort commenced in 1878, and went on 
for twenty-fix maoni until 1901. The varieties grown weiv 
“—"Book,” four year*; •* Chantfiioa,** eleven year*; ‘'Sutton'* 
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Abundance,” five years; “Bruce,” one year; and “White 
Beauty of Hebron,” 1897-1901. The question was not as to 
the comparative merits of different varieties, but different 
sorts were selected on the supposition that in growing the crop 
year after year, a change was desirable, especially with a view 
to the avoidance or lessening of disease. The special object 
was to ascertain the manurial requirements of the crop and 
the comparative character and composition of the produce. 
Table XLV. gives the details of the manuring and the 
average produce for the whole period of twenty-six years. 


Table XLY.— Potatoes, average yield per acre over 26 years 
(1876-1901). 




Manures per acre per annum. 


Average Produce per acre. 

n 

<D 

§ 

Plot. 

Farmyard 

Dung. 

Ammonium - 
salts. 

Nitrate 
of Soda. 

Sulphate 
of Potash. 

Sulphate 
of Soda. 

Sulphate 
of Magnesia. 

Super¬ 

phosphate. 

Good. 

d 

aS 

a 

m 

Diseased. 

Total. 

Per cent. Disc 
in Total. 


Tons. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

Per 

cent. 

1 








22-7 

3*8 

0*9 

27-4 

3*3 

2 

(14)* 







47-5 

4*7 

2*6 

54-8 

4*7 

3 

14 






t 

82-6 

4*7 

7*8 

95*1 

8*2 

4 

14 


-t* 


... 


t 

87-4 

4*6 

10*2 

102*2 

10*0 

5 


400 



... 



27*9 

4*7 

1*4 

34*0 

4*1 

1 6 



550 





36*2 

4*3 

2*0 

42*5 

4*7 

7 


400 


300 

loo 

100 

3-5 

93*5 

5*1 

7*1 

105*7 

6*7 

8 



550 

300 

100 

100 

3*5 

96*4 

4*8 

7*5 

108-7 

6*9 

9 







3*5 

48*3 

4*2 

1*9 

54*4 

3*5 

10 




300 

fob 

fob 

3*5 

52*3 

3*9 

2*0 

58*2 

3*4 


* Applied in the first 0 years only (1870-81). 
t 8-5 cwt. Superphosphate also in the first 7 years (1876-82). 
X 650 lb. Nitrate of Soda also in the first 6 years (1876-81). 


The crop was grown continuously without manure, with 
various artificial manures, and also with farmyard manure, both 
alone and with some artificial manures. There were ten 
differently manured plots, and under each of the ten conditions 
the crop more or less declined over the later compared with the 
earlier years. The average produce per acre of total tubers 
over the twenty-six years was—without manure, only 27'4 
cwt.; with ammonium-salts alone, 34 0 cwt.; with nitrate of 
soda alone, 42 5 cwt.; with superphosphate alone, 54'4 cwt.; 
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with mixed mineral manure, including p>>t«t-*h. .c* 2 > ut. 11m-, 

purely nitrogenous manure- \ ieldeil !«•*- tlian pur< U mite i.d 
manures, indieating that tin* potato bud- a ditlwulu in 
obtaining ash constituent - rather than nitrogen !r<<ru an 
impoverished soil. 

|iy superphosphate of lime alone th*' produce wa- r »i»< .J 

from an average of 27'4 to o-|'4 cat, ; and by a mi\«*d Jidti* ral 
manure containing beside- sup<Tph««-phat*- ot line-, -ah» <4 
potash, soda, and magnesia, to f>‘»*g «•«!, ; that i- to *» sy tittb 
more than by tin* superphosphate alone, It is < !> ar that a- 
regards the small crop,- in qncsihiu t h<* land is still aid*' to 
supply Hullieieut availahle potadi when it has |«roiiu 
comparatively exhausted ut the phosphoric arid whi>h • an 
reach the crop. 

Ill reference ft» this increase of produce >4 j»«tat'*e* },y 
mineral manures alone, if may be observed that tin* r< suit is 
quite consistent with that obtained with other root -crops 
having com jtnra lively shallow toot development , and in such 
cases the source of the nitrogen is chiefly th*- store of it in tb»- 
wtrfuw.? soil. Tin* beneficial effects of mineral manures, and 
especially of plmsphat.es, an* indeed observed generally with 
all crops which ant spring sown and have but n short |»eri«d 
of growth, so that they jkisjws* a comparatively sttjtcrfim) 
root system, and are therefore forced to rely much on th»* 
stores of total in the surface soil only. 

It is remarkabks that there is much leas increase «*f produce 
of potatoes by nitrogenous manures alone than by mineral 
nuuiurus alone. Thus by ninmontttm «nlt* atone there i* an 
ttvomgo produco of 34 cwt., or only between <1 and 7 ewt, more 
than without ninnurt* ; and with nitrate of sock alone there is 
an average of only 42*5 cwt. per acre. 

With the mixed tniuemi manure ami ammonium-salts 
together, the average produce of total tubers was IWfr* rwt , 
and with the mixed mineral manure and nitrate of noda, 10*1*7 
cwt, per aero. The better result from the nitrate of soda i * 
doubtless due to lie nitrogen being nn»re immediately available 
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and more rapidly distributed within the soil, thus inducing a 
more extended development of feeding root. The average 
produce by the mineral and nitrogenous manures together, over 
twenty-six years of continuous growth, was very nearly that of 
the estimated average produce of Great Britain under ordinary 
cultivation, and much more than that of Ireland. 

The plots receiving farmyard manure, containing about 200 
lb. of nitrogen, gave less produce than the mixture of mineral 
manure and ammonium-salts or nitrate of soda, supplying only 
86 lb. of nitrogen. In fact, only a small proportion of the 
nitrogen of farmyard manure is rapidly available, that due to 
undigested matter being more slowly available, and that in the 
litter remaining for a long time inactive. Farmyard manure 
is, however, often applied in very large quantities for potatoes, 
the process being to a great extent one of forcing, after which 
remains a great amount of unexhausted manure-residue within 
the soil. 

The characteristic effect of nitrogenous manures, provided 
there be a sufficient available supply of ash-constituents, and 
especially of potash, is to increase the amount of the non- 
nitrogenous substance—starch, in the tubers. Thus, the 
produce of starch per acre was about 650 lb. without manure, 
about 1350 lb. with purely mineral manure, and with nitro¬ 
genous and mineral manures together about 2500 lb., or rather 
more than 1 ton. In other words, the increased produce of 
starch by the use of mineral and nitrogenous manures together 
was more than f ton per acre. 

Since we know that a free supply of potash is essential to 
the production of any carbohydrate like starch, it might have 
been expected that a bigger crop and an increased production 
of starch would be obtained from Plot 10, receiving a complete 
mineral manure containing potash, than from Plot 9 which 
receives superphosphate only. There is, however, practically no 
difference in the yield from the two plots; in the absence of 
nitrogen and the exhaustion of the soil of its available supplies 
of this constituent, the small crops grown could always obtain 
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a sullieienf quantify "f jm* 1 a.-I* IV-mi th.ii. a mai 1 ■ <• * u 

j’l'imi tin* fact that uhih* th'' unmatmr >1 ■ i -p withdi w ab"'0 
21 lh. of potash per arr«' p>r annum from tic- ■-oil th* a hut a -a 

of superphosphate "it I’!•>! 1* r.ii->‘ >1 the t>* *d lb. and th' 

further addition "1 p 1 *ta■ h . .tlt" ait' 1 • 11 h‘ r a d-d in o' it! l*>i 
[0 onlv i itemised thi‘ amount anuu.dh tv eh- u.»a i, 1 » <>t 1 * 

Clearly tin* soil, which i known «" 1 1 • t*■ • !.it "ripm-dd n• it 

stocked with poindi and ai " 1" »• ml-un < m eh l abd t •• s ft' • 

from potash maunriit,'> pr*ninu. i" 'hi « \p' lammC * mid 

from it h own resoiim • Mipph amp!' p >* di t r tie i < 'pm •- 


munts of a crop ; 

tvemgin;' m* in")'■ 

lb- 

\U m 

1» U*ti i Jj' f ? p t» 

Whi're, howiner, 

bit* er<»p" »tf p *’ 

Ii t 4 1 

4 r* 

'I'-tHII H I'll ‘ If 

aid of dung and 

arti!i«id inauur" 

, ? ! 

1 ' H 

l.JMWli th.i* ,Oi 

abundant supply 

nf pota-b all - i - 

V f»Vi 

f li* **%\ h> 

«?U *" I le - \ i< M 

and the. ipmlit) o 

f the point oe<*. 




It is well known that mison 

li*l* 

llllp II f 

>i «b* V* ;it* f Js" 


development of potato •Ii*’*';*" , aid sle i■ von **n sir .tt' t.V' 
much more di'eas** in tin* tett - r * i "it A m pa> S tie 
inihienee of manure, tin propoinou • t 'll"* a--I tub*-* 1 - wa* 
tin* least win tc limit* ».o supply <>f nd *g> u , that i«, w h* 1* 
there was flit: hant luxuiiatiee, tin* m*> i r* »Sia s**d growth, aid 
where the, ripening was early d*w< loped, * hi the *>th* i hand, 
with liberal supply of mitogen aid invuiaut growth tier* 
was [Jin greatest proportion of di«» i *d tub* t>, th*'*** loin/ 
tint conditions resulting in a jnu** i»rh in miro 

genoitH imd mineral matters. 


PfiMrrtcm Camummn 

1. Tim heat, haws for the growth of pomes'* is a wtpply of 
well-rotted farmyard niiumrr, 12 to 1ft Iona fa r nr re, In tie* 
absence of farmyard manure it should la? replaced |»y some 
manure) containing organic nitrogen, «».•/„ by ft ewt. fs*r arr«* of 
a good Peruvian guano, or by a meat or fhdt manure, or by 
10 cwt per acreof nhoddy. 

2, A free supply of nahaaitwlilnonti i* cmmuiImI to the 
sueetssftil growth of -the potato; II cwt. of sap«rpbo*phiit** 

I '' 

,/f#* ; ... 't _ s 




>UrU; Hi. II 


,•!!!.! 1 In I] v\\f. «-! -ulj’h dv »4 p An 4l on* •b**»»ld ‘ : ’ 

ill tli** 1H l»-r • 111" ***' •! H pUt.h-d If hnno i »« ■ I ■' 
M(»rr<' i.f jntob, S? -lo.ilM l-f ■<<«)» t * 'Ml..- tiu.« <• } > 

tIn* i' j ’«! h fiir plan'm;*. 

M, Jit 1 1*- ;»H i\#‘ nisr»i;;rji i jv?II\ at -■ < >-,<■> I • i 

iif nifni«'‘ **f a4 i t ? < i|< ’If* '-.■•iir' v> bm ’ I)’ Ji-Mj.'n i 1 '' 

(!}• ] f!« I, Hllljill-'l? ** <4 J'JDSli* iliM with f }(<■ Saar i. M > 

planting tim»* will !*»• nt. 

IV. KxritttM? v< •<% i m , a >< Hs • 

A. /*?>.*/ *, I* 71 J 

'ffl*- i*\*i* a* f *>-*lt ua• 4 *' / J» ■ 1 > a< ! -*■< f 
r»liniJI<*Uf'-'i ill l -7 I ai.’l > ' < ’ S * l«'!' 5 ! V’' S’ 0"i Mi ;i t< '14 

ii■ 11s ■ H >. I’ll- u !» * i!* *1 Mji i h‘ - Lui'l n !*?• 1+ 

Il»l4 iiarjl »h 4 tin i < iii? i jsM» >U * gf-Utb 
(Nurfnlk Wlii?■■ '• an-1 >%«•*!•':! Jr<‘iu *“*'* •■ 
that ill ill*’ fill - *' *' s * 41' -4 1 S’*I| ih* t* 

manure r»f|tiiill#e tlni irfiiif**' 

riMirrmigtng iliwin n 

I hiring the first three 
arrangement of the plot* ii 
the same ns during the 
ttimtpw and the rtubseipiei 
during the hi *’ two year* ♦ 
other nitrogenmui ttmtntr 
determine the effects of lit 
genous application duriii| 
description of sugar-beet 
White Silesian." In IH71 
rows 20 inches apart, ami 
rows; in 1872 awl tuibsiMj 
rows 22 inches a part, me 
plants being moulded upa._ 
off and weighed; the leave., 
respective plots, and ploughed in 
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Tilli!t) XLVI. shown, fur jtl<its. Ilt“ UijMnirmTl»*• 

average producr of roof him! of !•*;»!', tin* avragf jwi> *’Mtago» 
of nitrogen ami of minora! mat for in th>- 'In uut'u-r »<f ? |t<- 
roof a, am! tin- avi-rage {tom-nfaut-H ami aiommi « ji-r a< r<* •*! 
sugar in fiio mots. 1 tv<*r tIn* fHr*■ y«*af> I H 71 7fJ «luritig 
which thr* farmyard inamiri* an»l fin* nin-igi-iiMtis »to*>* 
dressings woro annually applied. 

TaIU.K XLVI. Siifu-•}!■-, f J ■< " / /• ■ ' 

yi»’r i * mL **ni! r < a . n ?/.♦* /,* ,¥, >, *» ;■ f ' '■ 1 *^* * / * 



|'*ffiller t»| ft***.*, f*r? <|rw 


1 j l%r»itfnr*l Matittrr <1 1 
U | Hii$rrjil$»»|4iiilr iilwiif* 

I & «*' mill Sttlphttlr mf 


S«ifr*r |irr rci»i 


I j F««»tfmfil Mmttirr 111 fwfptj 
*# j il«i« 

lieit. iiiitl Httl|ib*tr i»f Ptitolt 


Httjgwr j**r 


1 j 

S ; Httfrr|4imjili«lr ftlufir * * 

I B& *i ! St*i*rrj4im» nmt hulfilittfr tit 


r > rj 1 ^ : 

^ 4/ *> J 4 '■ 5 


If* III# tf*»*t*. 


| *f-t v \ Alt ' i !'*!'» y i * r 1 ^ I f * ' 

n n 1 i 4^4 * ># a* ' 1 

s f 1 * * * * n * i 1 

S* /I r ^ I », IP i* ml w. 


ttt tl*** 


»'* '> §?p* *»% 1 ? 

l?:jl 1 *<s*i ' *'*• ■ Mv* 

l?ii 1 r-p:; 1 


It will l>« w»n that the nitrogenous «t»sa«tlw«*dngi»» which 
were the name m those l»*fnr« «n«i #uhiw;‘rjtn*»iUv »«lo|>te*f f«»i 
fewling root*, were vr*ry heavy; itulewi, niur h heavier titan w 
reeogniaerl aa ^litahle in the of Imef jirowti for ilw jir«r- 
iluction of augar. Th# result wit# that when thaw were iiwai 
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in addition In fanmard inamin*, tin* jiroduor of mot* jht arm 
was l;trj_*i\ in somo o;»*u** about twion a* iimrli in that ohi aim'd 
in tin* growth of sugar for tho maimfant un* of sugar in 
4ri'i'iuain or Fr.tnrr at tin* jtroseut timo. 

Tin* tiguro,* in tin* fablo for Plot l show, how«n»*r, that 
win n fanmard nwmin* was i*m***I the aniount of sugar in tin- 

m 

mot* novor riwhod 1*2 jut runt. ; hut it wan tin* high***!, 
jt-*r oont, on Plot 1 it, with tho farmyard mauuro nlouo, 
ami tho HiiiallosS omjj; if \v;h lowo*t, fHHi j*«*c nniit. on Plot 1 
AC. with tin* farmyard iiiiuihiv am! tho hnuuoht uitrognitou* 
orosn droning, and tin* hoaviost oroji, Tho roots of tho other 
.M jio.s with in! I’rmodiaf •’ amount ■> of oroji, had al >t inf nr 
mndiato juTnontugo^ of uigar naiuoly, IU}‘J, funf, and 
10>I, Purf Iot, th»‘ oj’ojt grown with flit* fartmnrd manur** 
ah m«*, whioii ha<l tho hikin'** jnTmutagr of sugar in tho root i, 
had tho smallest atuotuit and pro] tort hut of loaf, an«l t!*•* 
tunulinst percentago* of I ail h nitrogen an«i tuinoral tnattor in 
tho tin matter of tho root*; whilst flu* «Toj» in Iding tho 
highest jirotlnoo, hut tho lowest {wreentag#* of sugar in tint 
root**, had tin* highest. jirojmiliun and amount of loaf (it ton * 
12 owf, j«t arm), and tho highest jiereentagea of nitrogen 
mid of niinoml mattor in tho root *, cntiditioii* indieaftfig 
iiiiiiiafurif 

Tho roHiilt h next romrdod in tho tahle t Plot * f, a, atui <»} 
show tin* amount* of root* and of Httgar obtained with 
artificial mineral manures, both when used idom* and with 
tin* nitrogenous ero?»»*dres*tf»g*, 

l‘ho figure* further show that thoro win a greater prod tie* * 
in tho on ,ho of throo out of flu* four <to*s dressing-* where 
potash was used n* well as sujswphusphiite ; hut that tin- **mi* 
don of potash was without e fleet w*Ihto nitrate w>n u*ed a* tin 
Hourro of nitrogen, 

Tho result with jiotanh is fully e»taMjdu'd in other 
montH; namely. that a littoral supply of it toads to maturation, 
a condition favourable for tin* production *»f *ugnr, 

Tho jaT«’o»itni»n of sugar in tho roots is, with otio except mu, 
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considerably higher when- the mineral manure* wnv u-<d than 
whom farmyard manure wa> employed, win tie r "i' with 

the cross-dressings. With tin* mineral maintr- * u**-d ahm*-, 
and less than « Ions of rout* produced. tln-jv wa- m "ii" «•«*«■ 
rather over, and in the other very m-arh. 13 j» r « ••})!. ->f sugar 
in the roots; and in several other ease* tie r*' wn* nearly, **r 
over, 13 per n*iil, 

Thu lowest percentage of sugar n.tno wh.j. tie vij 
excessive cross •dressing of IM lb of nitrogen was employed ; 
the nitrate of soda produces almost a* had a result, and in b«ah 
eases the sugar is lowest where potash i* omitted and only 
sufHTphosphate is supplied with tin* nitrogenous manure I In- 
1 test results, as to proportion of sugar, cone- win re raj« «ahe 
or amtnonitnu-sa.its are used as sources of nitrogen and wle-tc 
potash is also supplied. The amount of nitrogen ,md >4 
mineral matter in the roots was found to van in tie opposite 
sense, being at the highest where the sugar was lowest, and 
riff rcrit'h 

It is quite evident trout these result", that tie ,«m«utnt «<j 
crop grown dejiends \ery largely upon the amount »«f nitrogen 
aval lit hie within the soil; but that with crop* for< < 4 ! < yond .» 
certain moderate limit of produic, the ptoj«.r»ion of hat »« 
unduly large, the percentages of nitrogen and of imiriiti 
matter in the root are relatively high, and lh*' |*er»« ntage ‘4 
sugar is objectionably low ; alt fie o* condition* indicating 
too much luxuriance and defective maturity at tie tune of 
taking up the crop. 


II, Smmd fieri#*, IMtW-IWM, 

The conditions tinder which the sugar l<eet ws* grown in 
the first scries were so different from those which pretnti when 
the crop it grown for sugar making that a second series vr»* 
begun in I8t8, when much smaller amounts of nitrogen were 
employed and the plants were grown more dowdy together. 

The land was a portion of the mangel field winch had 
lS , previously buen muiving dung. It wa» sttltsoilcd nrul well 
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worked before tbe trials began, so that it was in good farming 
condition. The seed (Yilmorin’s White Green-top Brabant) 
was sown in rows 17 inches apart, with 8 inches apart in the 
rows. 

The following Table (XLVII.) shows the average results 
for the four years 1898-1901. 

Table XLYII.— Sugar-Beet, Second Series. Average produce per acre, and 
Sugar per cent, and per acre in the Boots, 4 years (1898-1901). 


Roots per acre (as carted).Tons 

Leaf do..Tons 

“ Cleaned and Trimmed ’* Roots per acre . . Tons 

Sugar per cent in ‘ ‘ Cleaned and Trimmed ” Roots per cent. 
Sugar per acre.Lb. 


Plot 9-1. 

Plot 9-2. 

Plot 9-3. 

Basic Slag, 
400 lb., 
and 

Sulphate 
Potash, 
500 lb. 

As 9-1, 
and 

2 cwt. 
Sulphate 
Ammonia. 

As 9-1, 
and 

272 lb. 
Nitrate 
Soda. 

12*8 

14*6 

14*0 

4*5 

6*9 

6*5 

11*7 

13*3 

12*7 

14 T1 

13*53 

13*63 

8698 

4099 

3938 

! 


The results go to show that the land was initially in veiy 
good condition, for very little increase of root is produced by 
the use of the nitrogenous manures. Even in the fourth year 
of the experiment the plot receiving no nitrogen still grew 
nearly 13 tons of roots; the nitrate produced no increase, and 
the sulphate of ammonia an increase of 1 ton only. As a 
nitrogenous manure sulphate of ammonia was more effective 
than nitrate of soda ; this is never the case with mangels, but 
the sugar-beet, growing smaller and more closely planted roots 
than the mangels, does not search the ground so deeply, and 
derives more benefit from a manure like sulphate of ammonia, 
which is held up near the surface. The proportions of sugar 
obtained were not in any case high, and considering that no 
very large crops were grown the amount of sugar produced 
and the low quotient of purity were disappointing. Probably 
the land is too heavy and its situation too high and exposed 
for a good result to be expected, save in rather exceptional 
seasons. 
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UVJ, 

PltAfTK'\l> ( *o Wf 3 4* »%h 

1, As tin 1 \a!u<* <#f >uyar l>**H 1 1% •'« tun^h r! * 

purity, it hIiouM Ik* **ro\vu rath* r *»ii Lin4 in liiali 1 * ht m a*!t mim 

previous manuring than emmled bv lie- dm >-t ..pple-ao-ot >4 
manures. If farmyard manure ha^ u>>: !» - it u - d he » 
previous erop a fair dressing should b- t• iv*!i l«»* arrar !•«. ». 
lmt it should he ploughed in * hiring tie- autumn h- toj - -’ewing 
O JuHt before sowing the seed, h r«'l, «*f -<U{n i pie<-plia ! » . 

I (twt. sulphate of potash, an*! I rut. *4 mphai- <4 ammonia 
per acre, should he applied and harrow* d an Niti it* *4 o.,|, 
is not so desirable u tnainure fur sugar he. t a- it ? . M- 
mangels. 

:i. The high ((U)ilit) of the erop will run* h dejo-ud »m the 
thorough and deep cultivation of the sod h«4**r« wowing, and **n 
planting very closely ns compared with mangel*. 

m 

•* Agriniiiiirnl (lirinfelry, Twroifi Coltm** f >'** h' v f/ % ^ f% “E , 

494. MrifinifJ, Vfil I,, N«*< *I 4 

II tlriuiii of *1 m% the C#f**wfh *•< <er**|'» $*** 

ttlftfif yeitPt ill tin the ln.n*l ’ 

(!mdle% Net Srritf#, VoL Ill.* Fart V * )***< ji .a\ . ! 

VI., No. 11 

«llenulU of at »§• the Goo*U* *i $ V*t o*** * i e 

twelve yrnr* In *ueee**l«it »« the Mime f#ft«l.7 Agr*cmUm*#l 
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CHAPTER VIII 


EXPERIMENTS UPON THE CONTINUOUS GROWTH OF LEGUMINOUS 

CROPS 

I. The Continuous Growth of Beans on the same land, Geescroft Field. 

II. The Continuous Growth of Red Clover on ordinary Arable Land. Hoos 
Field. 

III. The Continuous Growth of Clover on Rich Garden Soil. 

References. 

I.—The Continuous Growth of Beans on the same: Land, 

Geescroft Field. 

From the outset of the Rothamsted Experiments repeated 
attempts have been made to grow leguminous crops year after 
year on the same land. The particular importance of these 
attempts comes from the special position occupied by the 
leguminous plants. It is well known that ordinary farming 
experience considers that the land requires a “ rest ” before the 
growth of any of these crops is repeated. Satisfactory crops 
of clover are rarely obtained except at intervals of four years, 
and on many soils even six or seven years must elapse- before 
the growth of clover can be renewed with any prospect of 
success.* Not only does land become “clover sick,” but the 
farmer considers it will equally become bean or pea “ sick ”; 
even lucerne, though it stands without failure for five or six 
years or more, rarely succeeds when re-sown immediately after 
the removal of a previous crop of the same kind. The 
leguminous crops of course contain far greater amounts of 
nitrogen than any others, but it is now known that the greater 

part of this is obtained from the atmosphere, so that the 
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ground, instead of 1 icing impoverished, i> artimlly enrich'd bv 
tin! residues left behind after the growth of h..iu<‘ **f these 
crops. 

In the (Jeeseruft held, which is tto long' r under experiment, 
and where the land lie,-, wetter than in am of the «ilnr 
Rothamsted holds, trials with beans began in 1*47 and were 
continued with several years of failure until 1*7*. when tiny 
were finally abandoned. Tabh Xl.\ III, 'h'»w s a snunnan 
of the crops obtained under tin* three eonditioiis >*t no manure, 
mineral manures only, and a complete manure nattaining 
minerals and nitrogen: the nitrogen was applied at lira as 
ammonium-salts, which, because of their inefleotivem**., wen* 
afterwards replaced by nitrate of soda. 

It will be apparent from tie* tabh- that tie* mineral 
manures containing potash were the imet »jb-H»\e fat tor in 
1 promoting the growth of the beans, tie addition of nit rug* mac* 
manure producing little or no increase in tie* crop. The crop 
shows a continual deterjumtion, but this is more apparent in 
tins failures of the plant than it* the diminution of the * rop 
whenever a plant could be obtained ; lie* crop» of J *71 and 
1B75, for example, being only exceeded a few times during 
the whole course of the experitmnts*. though it should b«* 
observed that these crops followed three y«nr*» during which 
the land lay completely fallow. 

The difficulty of obtaining a plant which characterised the 
later years of the experiment cannot, however, tat wholly alf rb 
huted to what might 1st termed bean “ sickness," for tint tilth 
I of the land had deteriorated considerably t hrough the re|a*atwl 
i growth of a shallow-rooted crop. The into of nitrate of soda 
and other saline manures had also a had e fleet on the texture 
of this soil, and from the combination of the*#* cause h it 
acquired a dose and unfavourable condition, with n eoi«|«ira' 
tively impervious pan in the subsoil below. 

The whole evidence points, however, to the land becoming 
gradually unsuited to tlto growth of beans, independently c»f 
the deterioration of the tilth of the soil. 
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Table XLVILI. — Continued. 



Total Corn. 

Total Straw. 

Total Produce 
(Corn and Straw). 

Years. 


CD A 



® A 

8* 


2? 

2* 

i 

§ 

eS 

Mixed 
eral Maim 
ding Pota 

Mixed 
eral Mami 
Nitrogen. 

T3 

8 

s 

Mixed 
eral Manu 
ding Pota 

Mixed 
eral Manu 
Nitrogen 

*8 

8 

s 

Mixed 
eral Manu 
ding Pota 

Mixed 
eral Manu 
Nitrogen. 


P 

S3 

tail 

TJ 

p 

(3,3 

So 


p 

as 

as 

.212 
rn « 











Average per acre per annum, over each period of 8 years, and the total period 



of 32 years. 







Lb. 

Lb. 

Lb. 

Lb 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

8 years (1847-1854) . 

1205 

15731 

1763 

1216 

1635f 

1792 

2421 

32081 

3555 

8 years (1855-1862) . 

676 

960 

1013 

988 

1506 

3616 

3 664 

2466 

2629 

8 years (1853-1870) . 

3 50 

580 

881 

456 

1042 

1317 

606 

1622 

2198 

8 years (1871-1878) . 

409 

713 

749 

455 

793 

897 

864 

1506 

3646 

32 years (1847-1878) . 

610 

937.T 

1102 

779 

1231$ 

3405 

1389 

2168$ 

2507 

Average per acre per annum. 

over the years of crop only, each period. 


1st 8 years, 8 crops 

1205 

15738 

1763 

1216 

1635§ 

1792 

2421 

3208§ 

3555 

2nd 8 years, 7 crops 

773 

1097 

1158 

1129 

1721 

1847 

1902 

2818 

3005 

3rd 8 years, 7 crops 

171 

663 

1007 

521 

1191 

1506 

692 

1854 

2513 

4th 8 years, 4 crops 

819 

1426 

1499 

910 

1585 

1793 

1729 

3031 

3292 

82 years, 26 crops 

751 

13 6211 

1856 

958 

1526 SI 

1730 

1709 

2688 || 

3088 


* 6 years (1847-1851), 40 lb. Nitrogen as Ammonium-salts; 11 years (1802, 1804-1870, 1875, 1870, and 
1878) 86 lb. Nitrogen as Sodium Nitrate, 
t 7 years, excluding 1849. % 81 years, excluding 1849. 

i 7 crops, excluding 1849. || 26 crops, excluding 1849. 


sown in the barley. Erom the first the clover grew luxuriantly, 
and in 1884 and again in 1885 a large crop was obtained. 

The following Table (XLIX.) shows the yield of dry matter 
and the quantity of nitrogen it contained, taking an average of 
the three plots which had been differently manured during the 
times the beans occupied the ground. Analyses of the soil 
had also been made before and after the clover was sown, and 
from these it is seen that the soil, which was somewhat 
impoverished in nitrogen after the continuous growth of beans, 
gained a considerable amount of nitrogen during the years of 
clover, notwithstanding the large quantities removed in the 
clover. 

In this case the land showed no reluctance to grow clover. 
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another leguminous crop, after it laid become " sick through 
the long-continued growth of beans; then* is other evidence, 
however, that the growth of one leguminous crop render.-, flu* 
soil less fitted to carry another, even of a different specie-., 

T.\h!*K XIJX, 


I j*cr fii'fv CI>ry Muff nr) , 
Siimgru ?ii I'riif* j#t arrr 

%‘ilr»tgr» |w*r rnil, in StirfWr S n\ 
Nilr«jirfi ]*rr ««*rr in Snrf#«*r Smi 


After the removal of the clover crop , in Ihh.’, tin - portion 
of tin* field was fenced off to exclude cattle, and ha . been left 
uncultivated ever since, A luxuriant growth of grn-.e, and 
other vegetation soon established itself, which mav be profit 
ablv coiujwircd with the similar natural vegetation that ha * 
cst ablishcd itself after the wheat at the top of I bn si d half field 
(see p, 41), In the summer of HKK5 a portion of the le rbage 
was cut on both the-e portions of land which had leoi -diovveil 
to run wild after wheat and legnminoitw plant'* r»- *p*Ti ive|\ ; 
these were sampled as usual and a full botauieal aualv -b made, 
the results of wlliell ifiv set out ill fable {, IvU’ll ill 1 ftftl 
soil .samples were also obtained from thin e pin”* in - neb 
fi**ld, and d* t«‘riuiuatioiis of carbon and nitrogen hav* le * ti 
made to compare with those uiad>- at tin* beginning of the 
experiments, sons t« * aseerfaiti the neeuiuulation of fertility in 
; the land left under “ prairie" condition*. for twenty \‘'ur* 

I I t. will be observed that the leguminous plant:, have u< v« r 
been abb* to obtain a footing in tin* Geeseroft field aft* r ebn «t 
, ami beans, although in fin* similar wilderness follow mg wheat 
in the Broad balk field, hnflnfvn* constitute* a eott ad* mbb 
proportion of tin* herbage. The conclusion sc* ui» new ttubb 
\thut the preliminary long-continued growth of byuiuiuon < 
itlantN (beans and clover) has in stun*' wav unfitted tIn Pa 
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Table L. —Botanical Composition of Self-sown Herbage from an uncultivated 
portion of land in BroadbaUc and Geescroft Melds. Season 1903. Number 
of Species and Percentage by weight of each Species in the Herbage. 



Broad balk. 

Geescroft. | 


Gramineous Herbage. 

Number of Species. 

11 

10 


Botanical Names : — 

1. Phleum prateme . 

2. Agrostis alba . 

3. Air a ccespitosa 

4. Avena elatior 

5. Dactylis glomeratu . 

6. Lolium perenne 

Other Species amounting to 

Per cent. 
4*89 
11*02 

3*50 

35*12 

3*22 

1*89 

Per cent. 
0*08 
0*20 

86 T9 
2*34 
4*53 
0'05 
1-87 

Ordinary English Names : — 

1. Meadow Cat’s Tail. 

2. Marsh Bent Grass. 

3. Tufted Hair-grass. 

4. False Oat. 

5. Cock’s Foot. 

6. Perennial Rye. 

Total 

59*64 

95*26 



Leguminous Herbage. 

Number of Species. 

5 

2 


1. Trifolium repens . 

2. Trifolium praUnse . 

3. Lathyrus pratensis . 

4. Vida septum . 

5. Medicago lupuUna . 

3*08 

0*55 

18*36 

0*40 

2*92 

0*05 

0*38 

1. White or Dutch Clover. 

2. Common Bed Clover. 

3. Meadow Vetchling. 

4. Bush Vetch. 

5. Black Medick or Nonsuch. 

Total’ . 

25*31 

0*43 


Miscellaneous Herbage. 

Number of Species. 

24 

14 


1. Heracleum sphondylmm . 

2. Scabma arvensis . 

3. Cmtaurea nigra 

4. Cardurn arvensis . 

5. Plantago lanoeolata 

6. Jpurnex obtusifolius . 

Other Species amounting to 

4*28 

2*87 

1*05 

0*81 

2*46 

3*58 

1*71 

0*80 

0*26 

0*94 

1T0 

1. Cow Parsnip or Hogweed. 

2. Field Scabious. 

3. Black Knapweed. 

4. Creeping Plume Thistle. 

5. Ribwort Plantain. 

6. Broad-leaved Sorrel Dock. 

Total 

15-05 

4*81 



Summary. 


Total Number of Species. 


40 


26 


Total Gramme© 

,, Leguminos© . 
„ Miscellanea? 


59*64 

25*31 

15*05 


95*26 

0*43 

4*31 


Total . 


100*00 100*00 
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139- 

carrying other leguminous plants, or at least has so reduced 
their vigour that they are unable to resist the competition 
of the grasses in a natural herbage. 


Table LL — Accumulation of Carbon and, Nitrogen in Soil of Arabic 
Land allowed to run wild for over 20 years. 



Per cent, in 

Carbon. 

Fine Dry Soil. 

Nitrogen. 

1SS1-83.* 

1904. 

1881-83. 

1904. 

Broadbalk, 1st 9 inches . 

1*143 

1*233 

0*1082 

0*1450 

Do. 2nd do. 

0*624 

0-703 

0-0701 

0*0955 

Do. 3rd do. 

0*461 

0-551 

0*0581 

0*0839 

Geescroft, 1st 9 inches . 

1*111 

1*494 

0*1081 

0*1310 

Do. 2nd do. 

0*600 

0*627 

0*0739 

0*0829 

Do. 3rd do. 

0*447 

0*435 

0*0597 

0*0652 


* Broadbalk, 1881; Geescroffc, 1883. 


Note .—In November 1885 (that is, after the land had grown Barley and Clover in 1883, 
and Clover in 1884 and 1885), samples were taken of the first 9 inches of soil from the 
same portion of the field as in 1888 (Plots 1-10), and gave a mean of *1152 per cent, of 
Nitrogen. 


I 

i 


The most noteworthy fact is the enormous accumulation of 
nitrogen : during the twenty-year period the Broadbalk wilder¬ 
ness would appear to have gained nearly 98 lb., and Geescroft 
a little more than 44 lb. of nitrogen per acre per annum. The 
gain in carbon is less pronounced, although the amount accumu- 
j lated is greater than that of nitrogen, yet the ratio of carbon 
] to nitrogen in the increase is very much lower than the ratio 
j in ordinary vegetable matter or in the original organic matter 
| of the soil. 

: Owing, however, to changes in the consolidation of the 

ground it is difficult to secure an exact comparison of the 
same layer of soil at the two periods, i.e., the surface nine 
inches after the land has been in grass for some time will contain 
a certain amount of recent turf, and less of the poor subsoil than 
the original sample from arable land. For these reasons it is 
necessary to reduce the estimate made of the annual gain of 
nitrogen, but however large an allowance be made on this 












140 KXIMWIMKNTS U’ON ! J-U;CMl \nt‘> 


score, it is still difficult to ammut for tie- magnitude <4 ilr* 
accumulation, especially for < h*eser<4!, when*, as tic !>• d 

analysis shows, there are no lrgnmimms plants. 

The other sources of nitrogen which may be invok'd, >u« h 
as t.he rain, dust, ami absorption from tic atm<e»pb'-r«*. would 
equally nflect the arable land, yet. a> tie* varimi- uumanund 
plots on the wheat, barley, and rotation fields show, then* i» 
no evidence of a corresponding gain <4 nitn*g» n on tie- amide 
land. 

The only explanation that M*<*ms at all pro!»,)!.! • o' p* 'id. 
on the intervention of the baconum t ofr./.a .’?,, ,■>> < 

(lieyerineky uhieh possesses tIn* pow< r >a fixiu;* at ;n • ‘pie iic 
nitrogen without any ho»t plant, ami «hi* h ha. b< .*u found in 
all tin* Potitamsted soils < in tie- arabh oil- ilii< hm-nosum 
would not he aide to effeet much fixation I- < au «■ <4 tie* 1 e h 
of recent organic matter. bv th* eoeibu-ijnn *4 v»hi* h *h> 
neei'ssarv energy for bringing tie* niirogtm n.o, . -cubin.eion 
could br» obtained. 1 hi tie* wild pra** land, how J, tie «*■ i- 
every year an aeeiiuiulattoii of vegrt »}»!'■ in.itt<T nhe h would 
supply the haeterimn with it*. needed mihohvhat-, ,„nd m 
cottKcijuenee eotiHiderahl" fixation i* po ibf< I le great'r 

gain on the Bmadbalk laud max b»* dm* to tie* pm cnee <4 
leguminous plants in tin* herbage, or to the lomparaiix. ii« b 
ness of tin* soil in ealeiiiiu carbonate, *inr< tie* J r 

has been found to le* aeti\e only in soil** coninmhie «ah iimi 
carbonate. 

It would appear from the chemical analyse* that the <!«**■ 
croft, field has never been subjected to the chalking operation* 
previously described (p, 28), since the iwrfice soil in IWW 
contained only 0‘ltt jter cent, of calcium carbonate, alwit the 
same quantity as was found in the soil of the adjoining tin* 
cultivated common land, whereas the soil of Hroadhalk wilder* 
ness contained us much as ft*;) per rent. 

Mechanical analysis shows the two soils are practically 
identical, the subsoil of Geeeeroftr being somewhat the lighter 
of the two, and the situation of the two fields S« wpwlly good 
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as regards surface drainage. Tin* constant Hint mi 

workability of (Jeeseruft appears to be entirely dm* t** tin* 
uufloeeuluted character <4 tin* clay dun to tin 1 absence of chalk, 
in other word*, the cultivation of tin* other Hothantsfe*! fields 
h.iM hern rendered possible by tin* improvement in flu* texture 
of flu* mill effected by t!***■ large quantities of chalk pul on, 
probably in tin* eighteenth century. Even at tin* present time 
water will often hi and on the Htirfare of tin* {{eeserofl land, 
and the predominant growth of Aim am/iittmt is additional 
evidence of the persistent wetness of the noil, a wet liens which 
cannot he accounted for In the situation, the nature of the 
suit, soil, nor the constitution of the surface soil, hut only In its 
had condition induced in the absence of lime or clmlK. 

II. Tm royriM oi ** <rianvnt oj Hun (h,ovi.u os oiuusam 
Ataisu. Lanh, lions Eitj.i*. 

In the Hons field, experiments upon the growth of legumi 
nous crops began in 184ft with red clover. The follow ing table 
shown the results for it jwriod of twenty nine years, during 
which clover was sown fifteen times hut only produced a crop 
in seven of the years. Even with the many intermissions, 
when the land grew wheat or barley or was left fallow, 
only the first crop of all was a satisfactory one ; nor, as will 
he seen, had either mineral or nitrogenous tnanures any effect 
in keeping the land in a condition to grow clover success 
fully. 

In 187*. the land on which these attempts to grow red 
clover hurl been continued since 1* Ift was divided into a 
number of small plots, and sown with various leguminous 
plants. Various systems of manuring were tried on each 
•‘•eries of plots, which carried the following leguminous 
plants lueeritc, peas or heaits alternately, Bokhara clover, 
sainfoin, white Hover, red clover, and vetches; the same plot 
being always reseeded when necessary with the same legimit 
nous plant. The results arc described in detail in the 
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“ Memoranda,” and Table LIII. shows typical results in the 
earlier and later years of the experiment. 

At first a fair growth of some of the plants was obtained 
on the land which had ceased to carry red clover, but in later 
years the growth of any but the powerfully-rooting lucerne and 
Bokhara clover became very poor, and repeated failures to 


Table LIII .—Hoos Field , Leguminous Experiments. Dry Matter in 
produce per acre per annum. Mean of Plots 4, 5, and 6. 



Lucerne. 

Peas 

or 

Beans. 

Bokhara 

Clover. 

Sainfoin. 

White 

Clover. 

1 

Red 

Clover. : 

Tares. 


Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

1878 

Not sown 

Neither 

1,854 


No cutting 

No cutting! 

1,400 

1879 

No crop 

Peas nor 

4,498 

No crop 

2,275 

1,722 

1,742 

1880 

843 

Beans 

1,240 

No crop 

5 

270 

1,666 

1881 

809 

grown 

2,085 

780 

215 

716 ' 

2,501 

1882 

4,458 

till 1884. 

10,804 

5,450 

2,087 

615 

4,401 



' 

[ 

Not 

Not 

! Not 

Not ' i 


1898 

626 

2,343 1 

sufficient 

sufficient 

sufficient 

sufficient • ■ 

• 2,416* 



l 

crop to cut 

crop to cut 

crop to cut 

crop to cut j 


1899 

4,799 

2,940 

7,143 

2,090 

No crop 

No crop 

681 

1900 

4,014 

3,302 

Fallow 

1,611 

313 

705 , 

697 

1901 

4,010 

957 

963 

758 

No crop 

No crop , 

382 

1902 

1,890 

729- 

7,431 

No crop 

No crop 

No crop 1 

810 

1903 

No crop 








* Plot 4 only. 


obtain a plant occurred on re-seeding. The land itself got 
very foul and in a poor mechanical condition; so that in 1898 
the greater part of the land under experiment was sown with 
wheat without manure, only a portion of each plot being 
retained for continuous experiment. 

Five successive crops of wheat were' taken and harvested 
separately from each of the old plots, the combined result 
from the various plots which had previously carried the same 
leguminous plant being put together in the Table LIV. It 
will be seen that all the leguminous crops left a large residue 
containing nitrogen in the soil, so that the crop of wheat 
which followed was generally more than 40 bushels per acre 
with 2k tons of straw. But this residue was rapidly exhausted; 
;he succeeding crop was very poor, and fell to a point from 





144 KXP1UUMKNTS !TdN LWIl'MINorS t'KolS 


which it has deteriorated hut lit11«* since. The lucerne, how 
ever, left behind a much larger ami more enduring residue , and 
though the crop on the plot* follow im* lueenn* h.e- h>--n falling 
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other plot a. Per eontni, after tin* first year, the crop «u fit** 
plots following fxttw or bean* ha* always been a little tmlnw 
that of the other plots, Of the other plots, tin? c*r*»pw tin tlnnte 
following white and red clover have been a little la tter than 
those follow ing sainfoin, Bukhara clover, or vetehm 

In 11*04 tint land was sown with outs and seeded afresh 
with leguminous plant* in plot# which rtm at Halit angles t*> 
the old plots, 

III. The (Jojvmt nrn (ittowm or t'M»vrn oa ntrtt 
CIakhkm Soil. 

In IWM, after it wanned clear that clover would not costhtiie. 

to grow on the arable land, it want *own in n garden only a few 
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hundred yards distant from tie* e vperiue et-d b* Id, »<n * ! 

which hud been under ordinary kitrle u ga>d*n cultivates i a 
probably two or thro* renturi**», lit vt< « *4 fh* holm< • u» 
the attempt to grow clover continuous!) *»n oidman uiabh 
land, it in remarkable tliat, under tie .« rendition'., flu * f-<p 
lias grown luxuriantly a him *4 e\ erv ynt *ii»e<- |5*ffd b* nu* fie 
fiftieth season of the continuous growtIt At fhe roume is « 
meat the percentage of nifrogi n in tlie <nifae<- oil *4 tie 
garden was four or fiv« time* a-* high a > in that <4 5le /u dd* 
soil of the fieh!; audit would doubth *> • b< richer in all otJe » 
inanuria! const if uent *. also. Itch* d, nfb r th* stow th of * bu• i 
for twenty-five \ears in uicre»don. even f he * i oud it uele * of 
the >:ardcn clover soil «n* found to !«• till veiv mu* h it* lei 
in nitrogen than the fir 4 *.» incite * in tie Ifoo, laid fabl* 
l,V. gives the results for each of tie fit*y veai** *4 «xp*iiuent 
with clover oil th»* rich garden soil, The o-eoiel nihimu 
shows the number of cut tiny* »mb v> ai, tie- thud tie 
amounts of produce per ticiv j-eel.oued in tie* eoudtt ion oi 
drynessas hay, the fourth the amount of dry mb 4aie», and fie 
lust the estimated amount ** of nitron n per acre in tie » ioj» 
At the bottom of the table are given tin average annual t» mil 
over the two periods of twenty live sinr* «aeh, and ov< r tie 
total period of fifty years, I*.”> I HtUU, it diouid be ,fat. »J tbaf 
hh the garden clover plot i«, only a f< vv yard * <piai* 
calculat ions of produce p«*r acre can on!) give approximation , 
to the truth ; but it is believed that they can be thoiou/bh 
relied upon so far us their general iudienttons are eoiu-» uk d 
Confining our attention to the amount » of piodm-** m hole d 
hh hay, and to tie* estimated amounts of nitrogen in tie - product, 
it is seen at a glance that, excepting a f<<w occasional vem , *,t 
very high produce during the later periods, tie* amount of * t.»p 
is very much greater in tie* fir t twenty five vear*- than m tie 
second twenty five years. In fact, as i*. e-, ,i at the toot of th* 
table, there was an average animal prodm* erpial to 7«Wf lb >4 
hay over the first half, but of onh dlegf lb ov* t tie h»n«*i |„*|} 
of the jK'riofl of fifty years, 

% 




sisi«w£ ^ mm *** to****** M *» *5# ofc* J«M» *i# 
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Now even this latter amount corresponds to what would be 
cousideml a fair, though not, a largo crop, when clover i« grown 
in rotation once only in four or eight yearn or more ; ,«i that t he 
produce in the earlier yearn on this rich garden noil whh very 
unusually heavy. Indeed the average, annual produce over the 
whole period of fifty years namely, B7b4 Ik, or more than 
tons of hay would he a good yield for t he crop grown only 
occasionally in the ordinary course of agriculture. 

But it is when we look at the figures in the last column of 
the table, which show the estimated amounts of nitrogen in tin- 
crops, that the importance and signifieanee of these results 
obtained on rich garden soil are fully recognised ; and this is 
especially the case when they are compared with those 
obtained on ordinary arable land, 

Tims the amount of nitrogen in fair crops of wheat, barley, 
or oats, would be 40- BO lb. per acre, of beaus about 100 Ik, of 
meadow hay about BO If*., and of clover grown in rotation, from 
100 to IB0 lb. ; but on this rich garden soil the prod nee of 
clover has in one year contained more than *400 lb. of nitrogen, 
and the average over the first ten years was 247 Ik Tim 
average over the whole period of fifty years is 140 lb,, or about 
ns much as a fair but not large crop grown occasionally under 
the ordinary conditions of agriculture. 

Analysis of the soil taken at intervals would seem to show 
a considerable falling-off in the amount of nitrogen and carbon 
contained in the surface soil, not sufficient however to account 
for all the nitrogen removed ky the clover crop. 

It will lie npjmrent from n consideration of the crops 
reported fur the later years of the exfirriment that great diili 
culty is beginning to be exfiertenaed In maintaining » plant 
of clover ; re-seeding, which was only necessary five times in tie 
first twenty years, had to be carried out nine rimes in the be*! 
ten years, during which time also the crop has wholly failed for 
two years, and almost wholly for a third. 

During January 18f»7 the plots were inoculated with tie 
watery extract of the rich kitchen garden soil at Rotbanet«-d 
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This did nut however arrc.st the fuihuv which wa- in progiv,*, 
at that time. Again, in March l s b7 and in July I s 0‘.t. all tie* 
plants were removed by hand, burnt, and their ade--. r» turned, 
and the surface soil was carefully picked mcr by hand, to 
remove the Selfrot ia uf tin* fnngu.H ,S W* many 

of which were found. The soil was also droned with carbon 
bisulphide as a fungicide, before fresh seed wa*> mimii, In HUKS, 
which was a favourable year for tie* growth <4 ehr, a tail- 
plant was obtained In re weding, and in tjje priu;’ '4 Halt »le¬ 
hr.st crop for main years wa-. i-uf from thi* plot Sotwjth 
standing the repeated failures to prow ebo'i- r<iminn<*udy on 
ordinary arable soil and the inereadug difficulty of ii,-ii 
a plant on the rich garden soil, which i* the one pls» >• «Ji* re any 
growth hits iteett continuous, it is not« worthy that «le n chan- 
grows in a mixed herbage on grass laud it inetva «< in aiuoiiu? 
from year to year under suitable condition-' of tuanming It ha■* 
already been pointed out that on tic- gras - plot* in tie* park, 
where mineral manure- including potadt nr* appln-d «ry y *\u, 
as on I’lots lf», H and 7, the proportion of leguminous plants, 
inelnding rial clover, increases from year t<> year, without f her* 
being any sign of “clover sickness " setting in Nor * an thi * 
result 1m- due to manuring only, for on the small plot-, in ?h< 

I loos field all soils of variations in tie* manuring wor** tried, 
without enabling the clover to stand. On the gt.H* path*, 
however, separating these “Hover sick*’ 1 4**t^ on lioos field, 
jmiHih which are not more than u yard broad, both red ate I 
white clover grow abundantly. Were “clover sickness" flit** 
merely to the infection of the plant by fri/o(oir»i«, 

it in difficult to sen how theac plants could **wap infection 
when the neighbouring clover plant* in the arable land 
succumb. These and other facts would seem to show that 
the presence of the fungus $rf*>roti»in trifufinntm is not tie* 
determining cause of “ clover sickness ”; in many ease* it k 
the direct cause of the death of the clover plant-, but what 
is not yet understood k why plants on *' rhrrar sick * land 
alone wnocumb to the inflection. 



REFERENCES 149 

References 

<< Report of Experiments on the Growth of Red Clover by different Manures.” 
Jour. Roy. Ag. Soc 21 (1860), 178. Rothamsted Memoirs, Vol. I., 
No. 13. ' 

* c Notes on Clover Sickness.” Jour. Roy. Hort. Soc., 3 (1871), 86. Rothamsted 
Memoirs, Vol. III., No 12. 

“ Results of Experiments at Rothamsted on the Growth of Leguminous 
Crops for many years in succession on the same land.” Agricultural 
Students' Gazette, New Series, 4 (1889), 137, and 4 (1890), 179. 
Rothamsted Memoirs, Vol. VI., No 15 

<c The Rothamsted Experiments : being an account of some of the Results 
of the Agricultural Investigations conducted at Rothamsted.” Trans. 
Highland and Agricultural Society of Scotland, Fifth Series, 7 (1895), 
100-136. 

“ The Accumulation of Fertility by Land allowed to Run Wild.” A. D. Hall. 
Jour. Agric. Science, I. (1905), 241. 








CIIAITEI: IX 

KXl'I.RIMKNTs I J-nN tjJUKS t.ANU M«'W\ !«*l: hu l y ,ui 

L Tltr rilliliililirril 1*1*4% 

II. I 1 **#* f*( Nilr#*grfi*ni^ Mfiiinr«’% n\u\n- 

III. Mlfirritl Miiii«rr% «%rij nhmr 

IV. Vmnph'U* 

V. thr Artkm of ( Al^ffr ?■ 

Vf t Kffreth iif liiiir, 

VII# f Jiiiligrss ill II*Tfttij£r fy#1 Inti fit g f fit 

VIII, Tfir Kflrrf itf Sr4ton 

Pfartiriil C'iffirlmtitftf* nm) MrfrrrjM f r. 

Thk experiumnlH lijmti gra** «t ItothaiiKtod f ,».«»,=»„ §»» 1*311, 
about. 7 ItOFCH of tlld park doNt* 1*1 fill? It otto*? h*‘iltg *«'! liNtilf 
t.ho purpoHC. Thr? land lias been in pM« a* king nH any 
recorded history of it exists, for mmiv t«mtt»ri«*s m least. If i* 
not known that seed hm ever Iweit miiwii, and at flu* la-ginning 
of tho experiment* the herbage on all tin* plot# wm apparently 
uniform. Tin* hoiI is tlici aatno stiff reddish loam a.** in foitti*! in 
the other fields, though owing to the length of time the land 
luiH been in grass stone# are not abundant near the surface. 

The plots, of which there are t wenty in all, vary somewhat 
in size between one-half and one-eighth of an acre, Vp to 
1B74 inclusive the gnwa was only cut once, the aftermath 
being fed off by sheep. Sine® that time there km luma no 
gracing, and the plot# are generally cut twice in the ymr. Tin* 
grass m made into hay in the usual way and the whole produce 
of each plot is then woighed. t In mam* occasion*. however, 
with the second crop, continuous wet weather he# rendered 
it necessary to weigh the produce In a w h condition and 
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calculate its equivalent in hay from the amount of dry matter 
in the material as weighed. On most of the plots the 
manuring has been continued without change from the 
beginning of the experiments; the cases in which a change 
has been made serve to show how rapidly the character of 
the herbage will respond to alterations in the manure. 

Table LVI. shows the amount and nature of the manures 


Table LVI .—Manuring of the Permanent Grass Plots per acre per annum, 

1856 and since. 




Nitrogenous 

Manures. 


Mineral Manures. 


Plot. 

Abbreviated Description 
of Manures. 

Ammonium- 

salts. 

Nitrate 
of Soda. 

Super¬ 

phosphate. 

Sulphate 
of Potash. 

Sulphate 
of Soda. 

Sulphate 
of Magnesia. 

Silicate 
of Soda. 



Lb. 

Lb. 

Cwt. 

Lb. 

Lb. 

Lb. 

Lb. 

3 

12 

| Unmanured every year .... 








2 

Unmanured; following Dung first 8 years . 








1 

Ammonium-salts alone; with Dung also 
first 8 years. 

200 







4-1 

Superphosphate of Lime .... 



3*5 





8 

Mineral Manure without Potash . 



3*5 


250 

ioo 


7 

Complete Mineral Manure .... 



3*5 

500 

100 

100 


6 

As Plot 7; Ammonium-salts alone first 13 
years. 



3*5 

500 

100 

100 


15 

As riot 7; Nitrate Soda alone first 18 years 



3*5 

500 

100 

100 


5 

Ammonium-salts alone (to 1897) . 

400 







17 

Nitrate of Soda alone. 


275 





... 

4-2 

Superphosphate and Ammonium-salts 
Mineral Manure (without Potash) and Am¬ 
monium-salts . 

400 


3*5 





10 

400 


3*5 


250 

100 


9 

Complete Mineral Manure and Ammonium- 
salts . 

400 


3*5 

500 

100 

100 


13 

As Plot 9, and Chaffed Wheat Straw also 
to 1897 . 

400 


3*5 

500 

100 

100 


11-1 

Complete Mineral Manure and Ammonium- 
salts . 

600 


3*5 

500 

100 

100 


11-2 

As Plot 11-1, and Silicate of Soda 

600 


3*5 

500 

100 

100 

400 

16 

Complete Mineral Manure and Nitrate Soda 


275 

3*5 

500 

100 

100 


14 

Complete Mineral Manure and Nitrate Soda 


550 

3*5 

500 

100 

100 



applied each year to the plots, and Table LYII. the average 
produce over the whole period, over the last ten years, and 
for the single year 1902. 
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Table LVII .—Produce of Hay per acre. Average over the period o/47 years 
(1856-1902), the 10 years (1893-1902), and the individual year 1902. 
Rothamstcd. Toted of first , and second crops {if any). 


Abbreviated Description 
of Manures. 


Averages over 

- Season 

47 years 10 years 
(1856-1902). (1893-1902). 


| Unmanured every year.■j 

Unmanured; following Farmyard Dung for first 

8 years . 

Ammonium-salts alone ( = 43 lb. N.); with Farm¬ 
yard Dung for first 8 years .... 

Superphosphate of Lime. 

Mineral Manure without Potash . 

Complete Mineral Manure. 

Complete Mineral Manure as Plot 7; following 
Ammonium-salts alone first 13 years 
Complete Mineral Manure as Plot 7; following 
Nitrate of Soda alone first 18 years . 

Ammonium-salts alone=86 lb. Nitrogen 
Nitrate of Soda alone=43 lb. Nitrogen . 

Superphosphate and Ammonium-salts = 86 lb. N. . 
Mineral Manure (without Potash), and Ammo¬ 
nium-salts =86 lb. N. 

Complete Mineral Manure and Ammonium-salts 

= 86 lb. N.. 

As Plot 9, and Chaffed Wheat Straw also to 1897 

inclusive. 

Complete Mineral Manure, and Ammonium-salts 

= 129 lb. N. .. 

As Plot 11-1, and Silicate of Soda . 

Complete Mineral Manure and Nitrate Soda 

=43 lb. N. 

Complete Mineral Manure and Nitrate Soda 
= 86 lb. N. 


* After the change. Before the change 42*9 cwt. 

t „ ,, 49*5 cwt. 

X „ „ 80*6 cwt. 

f| „ „ 85*4 cwt. 


§ 44 years only (1869-19021 
•f 45 years only (1868-1902). 
** 42 years (1856-1897). 


Table LVIII. shows the first crops only for four successive 
ten-year periods, and one eight-year period, 1856-1903. 

In dealing, however, with the produce of grass land, which is 
a mixed herbage consisting of many different species of grasses, 
leguminous plants, and other orders, it is not sufficient to 
consider only the gross weight of produce. The various 
species are differently stimulated by particular manures; even 
among the grasses themselves, such a difference of habit as a 
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deep or shallow root system will determine to which manure 
the grass will respond. The aspect of any meadow represents 
the results of severe competition among the various species 


Table LVIII. — Averaye produce of Hay per acre over the four successive 
10 -year periods, and the subsequent 8 years, from 1856 -1903. 
Jtothamsted. First erops only. 




Averages over 

Plot. 

Abbreviated Description 
of Manuring. 

M lO 

Fh O 

£ co 

OS JO 

(-1 t— 

28 
£ co 

gf 

gf 



© i-h 

*■*% 50 

O 10 

s 00 

r-j< 

oS 

S C© 

& 

© rH 

© rH 

sg 

§> r 7 



CO co 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

3 

12 

J- Unmanured every year . . . . j 

22*6 

25*1 

20*0 

22*9 

17*5 

18*0 

16*8 

17*1 

11*7 

14*2 

1 

Ammonium-salts alone; with Dung also first 







8 years. 

48*4 

37*8 

30*1 

23*8 

19*2 

4-1 

Superphosphate of Lime alone 

24-4t 

21*3 

19*1 

16*5 

15*2 

8 

Mineral Manure without Potash * . 

33*6 

26*6 

21*8 

16*5 

18*6 

7 

Complete Mineral Manure .... 

33*9 

36*8 

32*3 

27*1 

31*9 

17 

Nitrate of Soda alone=43 lb. N. . 

34*3£ 

33*5 

30*1 

27*0 

26*8 

4-2 

Superphosphateand Ammonium-salts = 86 lb. N. 
Mineral Manure (without Potash)/ and Am¬ 

39*6+ 

30*5 

30*4 

29*0 

25*0 

10 






monium-salts = 86 lb. N. 

52*8 

39*6 

38*6 

35*5 

34*0 

9 

Complete Mineral Manure and Ammonium- 







salts =86 lb. N. 

53*6 

48*4 

50*5 

39*3 

42*6 

11-1 | 

Complete Mineral Manure and Ammonium- 







salts = 129 lb. N.. 

61*7 

53*6 

48*5 

47*6 

58*6 

16 

Complete Mineral Manure and Nitrate Soda 







= 43 lb. N. 

48-lt 

47*6 

41*5 

37*4 

38*6 

14 

Complete Mineral Manure and Nitrate Soda 






= 86 lb. N. 

53 *lt 

80*5 

53*8 

45*6 

48*5 


* Including Potash, first 6 years. t Seven years only (1859-65). t Eight years only (1858-65). 


represented; the dominant species are those most suited to 
their environment, i.e., to the amount and nature of the plant 
food in the soil, the water supply, the texture of the soil, 
and other factors. If any of these factors be altered, as 
is done in the case of the Rothamsted plots by manuring in 
■different fashions, the original equilibrium between the con¬ 
tending species is disturbed; some species are favoured, and 
increase at the expense of the others until a new equilibrium 
is attained, and the general character of the herbage from 
the botanical point of view is completely altered. It thus 
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becomes important to ascertain tin* nattuv uj t In* plant * 
comprising the herbage pritduccd l*y a gh 01 manure, a* well 
as to determine its aniomif ; from tint** to time tImrefurr at 
Rofhamsted a carefully selected fraction of tin lerlage from 
each plot has been sejmrated into it* constitu< tit -peric*, the 
relative proportions of which are determined by weighing, A-* 
this complete scjuiration involves a great amount of work, a 
partial separation only is mafic r\erv year, in which ease the 
heritage is separated into three groups the grasses, the 
leguminous plants, and the miscellaneous sperm* r<«*.|t#»et jveh, 

Table IdX. shows the results of these partial separations 
as averages for the whole period uj forty seven years, and 
for the single year IWJ. Summaries of tin- fire complete 
separations made in 1 *02, Ih*I7 , 1 *72, l *77, ami IIMKI are 
given in Table LX 11. (see p, J7IJ>, 

|, Till' /Pint if. 

Two of the plots have remained without manure during 
the whole of the experiment, Tiny are situated near the 
extremities of the field, and slum a slight hut constant 
difference in crop, 'raking tin* average of the whole period, 
those tut mammal plots have produced rat Iter more iltan a ton 
of hay per acre per annum. If we cotnjstre tin* «u<w*i***4ve 
ten -year returns, there is no sign of approaching exhaustion or 
great falling-off hi crop front year to year, The imjmverjtdimeiil 
of those unmammal plots is more to lie seen in the clianioter 
of the herbage than in the gross weight of produce. Weed* of 
all descriptions occupy the hutd, and the relative projjortion 
they bear to tho grasses and clovers Ittw tnei eased from year to 
year. A fair proportion of clovers, Imth ml and white, f* 
found on thews plot*, hut, the wood*, which amount to 26 per 
cent, taking tho average over the whole period, law of late 
years constituted nearly one-half of the heritage. The mod 
prominent species among the grasses are the Quaking Gm, so 
generally taken ox n sign of jjoor land, which conatitutcd 2 tf 
per cent, of the whole herbage in HMKJ, and Sheep** Fescue; 
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among leguminous plants tin* Bird's Foot Trefoil; ami Burnet. 
Hawkhit, and Blank Knapweed among the weeds. 
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Speaking generally, f hew* ploi.s now present t he appearaMee. 
jwrhaps in a rather exaggerated degree, of nnieh of the poor 
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pasture ami uwadow laml in this countr\, u]i>• ia-\» r iuii* h r>»ws 
and \\<*t jloc-ks an- habitually gruwd and tie* laud <>i■<-afunnily 
hayed. wit hunt anything being *>r« * 1 in tie* shape of artificial 

food nr manurt*. Kig, 17 shows a photograph uf a pie« * «*f turf 
taken from this pint at flu* end <4 *1 urn' JWW. 

Tlir nival \alue uf uet'usjotial dn - jug* «*f Puimurd munmc 
to » laml nmv 1»»* seen in tin* returns from Plot g, which 
for tin* first night year* of tin* experiment tve* iv«*d farmyard 
manutv at tin* rate of H torn- per iinr. The application was 
then discontinued. hut tin* effort ha*. persisted to flu* present 
day, />., for forty years. 

Tahh* EX. shows tin* produce on this a* * oiupar* d with 

TaM.K l.X if //-»»/ j« i '<■, ' •' 7 i. <7e Ii7 

iff* •' t;f U ' ■:<* /.’■ Ol.t v. '<* f 
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the unnianured plot for the preliminary period for which the 

dung was used, for the two years following it# di«uitliiitia»ic?*% 
for three ten-year and one five-year period* aftorwardii, and for 
the Meanon 1901, Although the yield on f ltitt plot remains at a 
higher level than where the land has 1»**r» i#*nfmii»«n*ly iiti* 
manured, yet the plot now shows great impoverishment in the 
character of ita horhagy Itaving altout the same proportion of 
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weeds and the same general aspect as the continuously 
unmanured plot. 

II. Use of Nitrogenous Manures alone. 

Three of the plots—17, 5, and 1—show the effect of the 
long-continued use of nitrogenous without any mineral manures. 
Plot 5 has been receiving 86 lbs. of nitrogen as ammonium- 
salts, Plot 17 half the quantity of nitrogen in the shape of 
nitrate of soda, and Plot 1 the same half quantity of nitrogen 
as ammonium-salts, though on this plot dung was applied in 
each of the first eight years of the experiment. It is very 
evident when a nitrogenous manure is used alone for grass, 
nitrate of soda is far more effective than the ammonium-salts; 
e.g., on Plot 17 it has given an average crop of 35 cwt. 
against 26 cwt. produced by double the quantity of nitrogen 
in ammonium-salts on Plot 5. 

For this superiority of the nitrate of soda two reasons may 
be traced; being completely soluble it sinks 'deeply into the 
soil, and encourages grasses of a deeply-rooting habit, which 
not only obtain more food from the soil, but also are better 
able to withstand the droughts of spring and early summer. 
On Plot 17 (nitrate) deep-rooting grasses like Meadow 
Foxtail and Downy Oat Grass are prominent, whereas the 
plots receiving only ammonium-salts are almost wholly occupied 
by Sheep’s Fescue and Common Bent, whose feeding roots are 
close to the surface, where the ammonium-salts are caught and 
retained by the humus in the soil. 

Tire continued use of large applications of ammonium-salts 
has also had an injurious effect upon the reaction of the soil, 
since it behaves as an acid , and continually removes carbonate 
of lime. The creeping surface vegetation tends to accumulate, 
and decays into a substance resembling peat; at the same time 
the vegetation shrinks into tufts, between which are bare 
patches of black soil, showing an acid reaction to litmus 
paper. So pronounced had this effect become on Plot 5, 
which received the larger amount of ammonium-salts, that the 
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application has been discontinued since 1897, lest the turf 
should be entirely killed. Another sign of the sourness 
caused by the use of ammonium-salts without minerals is 
seen in the prevalence of Sorrel on this plot; it forms nearly 
15 per cent, of the whole herbage, and it is interesting to 
note that the only portion of the plot from which the Sorrel 
is absent is a strip that was dressed with chalk in 1883 and 
1887. 

The aspect of the plots receiving only nitrogenous manure 
shows very characteristic differences; both possess a very dark 
)green unhealthy colour, but, while the ammonium plot seems 
in the main to be clothed with Sheep’s Fescue and other 
grasses, amounting to 83 per cent, of the whole, the nitrate of 
soda plot possesses a much more varied herbage, of which 
weeds form 40 per cent. Leguminous plants are practically 
.absent from both plots, though a small proportion may be 
found where the nitrate of soda is used. The impoverish¬ 
ment due to the continual use of a manure like nitrate of 
soda supplying one element only of plant food is to be seen 
in the gradual decline of production on Plot 17, and in the 
present predominance of weeds there. Considering, however, 
the length of time that nitrate has been used on this plot, 
the crop has been wonderfully maintained; the deep root- 
range induced by the solubility of the nitrate enables the plant 
to feed widely in the soil, and the s oda ba se assists in bringing 
ithe dormant potash into a form available for the plant. The 
photographs, Figs. 18 and 19, show the characteristic appear¬ 
ance of the turf from Plot 5, with ammonium-salts alone, and 
Plot 17, with nitrate of soda alone. 

III. Mineral Manures used alone. 

On three of the plots no nitrogenous manures have been 
applied since the beginning of the experiments. On Plot 7 
a complete mineral manure, supplying phosphoric acid, potash, 
magnesia, and soda, is used; Plot 8 has received the same 
application, but without potash, since 1861, while Plot 4-1 
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receives superphosphate only. With the complete minerals 
a fair crop is grown, averaging over I| ton of hay for the 
first cut alone, and when the successive ten - year averages 
are considered there are no signs that the fertility of 
this plot is declining, since the production only shows such 
fluctuations as may he put down to seasons. Tint reason that, 
the crop on this plot is maintained, although no nitrogen is 
supplied in the manure, lies in the free growth of leguminous 
plants. It will he seen that, taking the average over the whole 
period, the leguminous plants form 24 per cent, of the herbage, 
and the proportion has increased from year to year. These 
leguminous plants are not only themselves independent, of 
nitrogen in soil or manure, hut. by fixing the atmospheric 
nitrogen ami leaving it behind in the residues of their dead 
roots, they provide a supply for the grasses and other plants 
which cannot of themselves feed on the nitrogen of the air. 
The predominant leguminous plant is Lathy nut prataimx, but. 
Red and White Clover are also abundant. A large number 
of species of grasses are represented on the plot, none of which 
are specially prominent. Amongst tin? weeds, Yarrow is 
very abundant, and there is also a rat her large proportion of 
Sorrel. The general aspect, of the vegetation is shown by the 
photograph of turf, 1’ig. 20. 

The omission of potash on I’lot 8 has caused a very 
striking difference both in the crop and in the character of the 
herbage. Th : average crop has been about one-quarter less 
over the whole |>eriod, and shows a progressive decline in 
fertility, until at the present time it is little more than half 
that of Plot 7. The poor results on this plot, as compared 
with Plot 7, must he put down to its poverty in leguminous 
heritage, the development of which seems to depend on a free 
supply of potash. Of late years the proportion of leguminous 
plants on this plot has amounted to about one-half of that, 
found on Plot 7, the grasses art! about the same, the difference 
being made up by an increased amount of weed. The 
characteristic leguminous plant is the bird’s Foot Trefoil, 
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which has an opportunity to de\clop herau-e ii i- m>t eroded 
out hy the competition of taller growing herbage, -sell .1. i- 
found with tin* bigger crop on Plot 7. Tin* <-hara<-t.-ji-iP 
weeds of this plot are the Buttercup. lie Plaeh Knapne.-d, 
Plantain, and Yarrow ; see photograph. Fig. 22. 

Plot 4 l, which each year ha- r> et i\ >*d *>nperjtho-phat<• only, 
now presents a very impoverided appearance, and i ,'idii:' \ < t} 
little more ero]> than the ttnmanured plot*. lode.- d. the a-pi Cl 
of this plot, where the mo*t alitindanf - i• t ^nahm.; < 

and where weeds, chiefly Haw hint. Hurre 1 and Plantain, am 
tiuiisualh' prominent, would to iudi*at* that tie land i* 

more exhausted lure than on the unniantu' d plot p j« not 
nneomtuon to find easi - where dc application to gra-. - land of 
a puri'ly phosphatie mannr*', like »ip< rp!e» pbat- <a r.< dr dag, 
ii followed hy a great hcrea ■ ' of crop, dc addition of tic 
phosphoric acid to fie dormant ntttog.n and potash in tin 
soil having supplied the mi-dug ' loii'K’ in a complete phmt 
food. The result, however, of f hi - plot dews how dive iron , 
a eontintuition of such nm dded manming tit.H heroin* , a 
nitrogenous manure alone often thought > \huu*t jug, hut 
probably a pho*plmf in ntanme ti«d singly will * \* 1* moi< 
quickly impoverish the sod, The photograph, 1 ip ‘id, diow < 
flic im|K»verished and weedy a+jwe? of tin < plot in 1 hull. The 
diagram, Pif?, 21, shows tin* elfeet of the mineral nunutr»o, and 
partinukrly of jiolash, both with and without nitrogen, „n the 
yield of grasn, 

IV. Complete Mutatt'*'!* Kitr**pv* <tn*l Mirm/jt, 

Pone of tin* pint a receive a complete art ificial manure. On 
mineral manuring is the same, nwl supplies 
acid and ja»tn#4i; on Plot ft, ammonium **ttits 
>. of nitrogen am added ; and on Plot II 1 
the amount of ammonium-salt* i* tiicrnaml l»v one half, 

m 

to 12ft lb. of nitrogen. Plot 14 receive* M*J lb, of nitrogen 
us nitrate of mala, and therefore comf wires with Plot ft. 
Plot 1(1 also receives nitrate of goda, hut only half the 















Plots 3<3cl2 


Fig. 21.—Effect of the various Ash constituents with and without Nitrogen on the 
produce of Hay per acre. Average over 47 years (1856-1902). 


Plots 3 and 12. Unmanured. 

Plot 4-1. Superphosphate. 

Plot 8. Minerals with Potash. 

Plot 7. Complete Mineral Manure. 


Plot 4-2. Super, and Amm.-salts = 86 lb. N. 
Plot 10. Minerals (without Potash) and 
Amm.-salts = 86 lb. N. 

Plot 9. Complete Mineral Manure and 
Amm.-salts = 86 lb. N. 


effect in an increased crop. On Plot 9 the hay has averaged 
54 cwt. over the whole period, on Plot 11-1 the crop is 
increased to more than 65 cwt. Comparing these results with 
the 39 cwt. obtained from Plot 7 (minerals without nitrogen), 
it will be seen how great is the effect of nitrogen in the produc¬ 
tion of hay. The hay, however, is by no means so good in 

L 
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quality as that grown with mineral manures alone, because the 
large amounts of nitrogen have so stimulated the development 
of the grasses that leguminous plants have disappeared entirely, 
and even the weeds are crowded out. In 1908 the latter formed 
only a trifle more than 4 per cent, of the herbage on Plot 9, 
and were barely perceptible on Plot 11-1, as may be seen in the 
photographs, Figs. 24 and 25, representing turf from these plots. 
The dominant grasses on Plot 9 consist of False Oat Grass, 
Smooth-stalked Meadow Grass, Sweet Vernal, and Sheep’s 
Fescue; Meadow Foxtail, Cocksfoot, Yorkshire Fog, and 
Bent Grass constituting practically the rest of the herbage. 
On Plot 11-1 there is every sign that an excess of nitrogen has 
been employed; the vegetation is very rank and soft, and tends 
to grow in tufts with bare patches between; the smaller grasses 
are almost wholly crowded out, and the coarse vegetation is 
generally laid and begins to rot at the bottom before the grass 
is ready to cut. Owing to the great competition of the strong¬ 
growing grasses the number of species on this plot has been 
reduced to a minimum; 97 per cent, of the herbage is made 
up of three species alone—False Oat Grass, Meadow Foxtail, 
and Yorkshire Fog, the latter representing 45 per cent, of the 
whole herbage. In the earlier years of the experiment this 
latter grass was by no means so prominent. As late as 1872 
it only formed 10 per cent, of the herbage, while more than 
39 per cent, was composed of Cocksfoot, which has now 
practically disappeared. The replacement of Cocksfoot by 
Yorkshire Fog seems to have been coincident with the abandon¬ 
ment of the practice of grazing the aftermath; the custom of 
late years has been to cut it. 

On Plot 11-2 the same manure is employed as on Plot 11-1, 
with the addition of 400 lb. of silicate of soda. The silicate of 
soda has resulted in a considerable increase of crop, which has 
averaged as much as 72 ewt. for the whole period; the grass 
on this part of the plot is also more healthy and uniform, and 
ripens earlier. The effect of the silicate of soda must probably 
be attributed to the soda base rather than to the silica; for with 
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great excess of nitrogen applied to this plot any substance 
soda, which supplements and economises the potash avail- 
^le, will be of service to the plant. 

Turning now to Plot 14, which receives the same manure 
s T*lot 9, but with its nitrogen in the form of nitrate of soda, 
notice first that the nitrate of soda has been the more 
fifective source of nitrogen, giving an average crop of 59 cwt.' 
gainst 54 cwt. with ammonium-salts. The superiority of the 
iterate of soda has been most pronounced in dry seasons, 
'W'ing to the generally deeper-rooted habit of the grasses found 
n this plot. 

During the great drought of 1870, holes were dug for the 
xamination of the subsoil on this plot and on Plot 9. On the 
utter, where ammonium-salts formed the source of nitrogen, 
3i*y few roots could be distinguished below 36 inches, and the 
alosoil below 27 inches seemed to have been but little changed 
y the development of roots and their decay. On Plot 14, 
'itli the nitrate of soda, wiry roots extended nearly to 4 feet, 
ncl the subsoil down to 4 feet 6 inches had suffered a marked 
:xange. 

The vegetation on plots grown with nitrate of soda is more 
-xx’ied, nor are the leguminous plants so completely suppressed 
y the large amount of nitrogen. This plot, for example, 
lowed in 1903 more than 3 per cent, of Meadow Vetchling 
id a trace of White Clover. The aspect of the nitrate and 
ximonia plots is strikingly different, as may be seen by com- 
-:tx*ing the two photographs taken in 1903, Figs. 26 and 24. 
tTith the nitrate of soda a great part of the herbage, 23 per 
5 iit., is composed of Soft Brome, a grass hardly to be found 
i any of the other plots. Again, Beaked Parsley is very 
comment, though it is hardly to be found on any of the other 
.ots; it constituted 10 per cent, of the herbage in 1903, so 
i8bt just before hay time the whole plot shows white with its 
-_> wers. In addition to the Soft Brome, the grasses which 
-e dominate are Meadow Foxtail, False Oat, and Smooth- 
gtlked Meadow Grass. 
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Plot 10, which receive* tic small*’)' <juaulity <4 nitrat>• of 
soda, still grow* a very large crop, avi-rauum: !*• *-«t. <»v< r ib<* 
wliolc pcrinil. The vegetation je-*»-m!<l* * that »4 l’loi 11, !>ut i* 
even more varicil. there being al*otii torn tine ■» a- much 
leguminous lierltag*-, among which tie Meadow \ melding 
predominate*. This plot probably mark- the limit of the 
amount of nitrate of soda which it would 1 »• protital»l" to apply 
in ordinary farming, since the second L’7d lb. p* r .o re of nitrate, 
of soda on 1 ’lot 11 has only produced an avonig** in< i >-.isr <4 11 
evvt. of hay. 

Review ill** flic whole of tin* 1 \ idence, nit rat i* t if la is 
distinctly a hotter manure for hay on the Rot ham >t*-d soil 
than are ammonium salts, producing more and that »4‘ 

a 1 ietter ijtiality. 

On Plot Mt t Ic poi;i-!i is oiuitt< d 1*< v.i 1le non* j.d manure, 
though the other mineral * and the nit 1 ■ > '< u ate tie >am' a-, on 
Riot It. Tie result of tie omission of dc pot.c h t a «• *nnd* 1 
ahh* decline in yield, v\liieh ha < lea om* m-m .(o.ii’tuto) as 
the experiments have propies.i ,| and !h* 01 j..m d ^toi-h of 
potash in the soil has |,<*i u 0 duo d lie )e 1 bag - 1 <»n 
even more wholly <4 grass than do» • that *4 Riot ft, and tie 
development of flow 1 r and m »d is dht im 1 H iat* 1 

Riot 4 'l leeches tic sutir ammonium -aim, 'Uppfung 
Hi. ef nitrugcu, and aitf triphosphate only, so 1? mtitpari * 
with Plat ft, except for the entire ah »< j,,of alkaline sails. 
The hick of potash show* itself in a gr*-«f j<du<ii>*n «4 nop, flu 
average over flu* whole j«*riod having h* »<n only Ih'iewi against 
f»f owt. on Plot, f>, It is thtw much ludow Plot lit, nl»o with 
out. {totunh, hut which r< reives tnagtiostu and soda. The heritage 
on thin plot again constat* almost wholly of gr«*s*-s, which have 
11 very dark green colour and are l«fe to mature, Tin* dwarf 
growing and idtidlow-roofed grasses predominate, Sheep'* 
Fescue coiwtitutes more tlmn one half, and wit h Sweet Vernal 
and Smooth-stalked Meadow- Ora**, a* ttiucli oa Sii per cent, of 
the whole herbage. 

The elinraeteriittc appearance of the herbage it well *eeit in 






















VALUE OF FARMYARD MANURE FOR URASS !«r» 

the photograph, Fig. 27, of turf taken from this plot in HHKJ, 
Another feature in these two Plots, 10 and 1-2, which reeeive 
nitrogen hut no potash, is the weakness of the stems; short as 
the grass is, it is often laid before it is ready to cut. 1 he grass 
is also found to he more susceptible to fungoid attacks on these 
plots than elsewhere. 

The diagram Fig. 2si shows a comparison of the yields of 
the tmmanured plot, the plot receiving mineral manures only, 
and the plots receiving mineral manures .and varying ana mats of 
nitrogen as nitrate of soda or ammonium-salts. 

V. 77/e Ai’tiim *>/ fMatter. 

In the early year- of the experiments farmyard manure 
was applied every year to two of the plots, hut- owing to 
the aeeuumlution of unrotted material on the suifaee it was 
found necessity to discontinue the experiment, in this form. 
On another of the plots, however, an attempt was made to 
ascertain the effect of the organic matter present in dung 
by adding to a complete artificial manure, sueh as is sup 
plied to Riot it, gfHHt lb. of chaffed wheat straw every year. 
The wheat straw will contain so little manurial matter, eouqwired 
with the quantities artificially supplied, that it may he neglected , 
thus the straw should be regarded as simply providing organic 
matter. If we compile the crop on this Riot Ri with that of 
Riot it, we see that the straw has had its effect, and that, on tie- 
y, average a larger crop by about 7 cwt, per acre jwr annum has 
v been produced. The effect of the wheat straw has been due 

partly to the* shelter it provides in tin* early spring (for it is 
noticed that the grass starts more quickly on this plot than on 
the others), and partly also to the water retaining power of the 
humus produced by its decay. Of late years the organic 
matter added accumulated to such an extent an to form u 
peaty layer that was beginning to injure the growth of Re¬ 
plant ; in consequence tlu* application of straw has been 
discontinued. The value of occasional application* of farmyard 
manure to grass land is thus seen to he a mechanical factor 
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Fig. 28.—Effect of Nitrogenous Manures on the produce of Hay per acre. Average 
over 47 years (1856-1902). 


Plots 8 and 12. Unmanured. 


Plot 7. Complete Mineral Manure, no Nitrogen. 

Plot 9. Do. and A mm.-salts = 86 lb. N. 


Plot 11. 

Do. 

Plot 16. 

Do. 

Plot 14. 

Do. 


do. =129 lb. N. 


and Nitrate of Soda=43 lb. N. 
do. =86 lb. N. 







EFFECT OF LIME 


167 


, depending very much upon the shelter which the long manure 
| affords to the young grass in the early spring, and to its water- 
: retaining power when it has rotted down to humus in the soil. 

VI. Effects of Lime. 

In November 1883, lime at the rate of 2000 lb. per acre 
was applied to one-half of each of the plots, and in 1885, 
1886, and 1887 the limed and unlimed portions of certain 
of the plots, where the lime had obviously produced an effect, 
were weighed separately and subjected to partial botanical 
separation. The results of the liming may be seen in Table 
LXI., which gives the averages of the three seasons, both as 
regards crop and its botanical composition. It will be seen 
that on three of the plots— 6, 7, and 15—the liming has had a 


Table LXI .—Effects of Lime on Grass Land. Mean of 3 years (1885-87), 
first crops. Produce and Botanical Composition of the Herlagc, 
Hothamsted. 




Hay 

Botanical Composition per cent. 

Plot. 

Manuring. 

per acre, 
cwt. 

Gramineaa. 

Legu- 

minosas. 

Other 

Orders. 



Un¬ 

limed. 

Limed. 

Un¬ 

limed. 

Limed. 

Un¬ 

limed. 

Limed. 

Un¬ 

limed. 

Limed. 

3* 

Un manured. 

18*6 

18*9 

76-0 

69*0 

7*1 

16*0 

16*9 

15*0 

6 

Complete Minerals; following Ammo¬ 
nium-salts . 

23*8 

28-7 

72-8 

67-7 

11*7 

20*1 

15*5 

12*2 

7 

Complete Mineral Manure . 

26*1 

33*1 

64*3 

48*4 

22*0 

41*8 

13-7 

9*8 

8 

Mineral Manure without Potash . 

17*0 

16-7 

60*6 

71-8 

7*5 

8*1 

31*9 

20*1 

15 

Complete Minerals; following Nitrate 
of Soda. 

12*4 

25*6 

67-4 

53*8 

3*2 

35*3 

29*4 

10*9 


* Results for one year only (1885). 


considerable effect in increasing the crop. On the unmanured 
plot and on Plot 8 the effect has been nil. Again, on examin¬ 
ing the composition of the herbage it will be seen that on the 
same three plots which gave an increase of crop the lime has 
brought about a great increase in the proportion of leguminous 
plants. On Plot 6 it has risen from 11 to 20 per cent., on Plot 
7 from 22 to 42 per cent., and on Plot 15 from 3 to 35 per cent. 
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The reason for these differences in the action of lime is 
to he found in the previous manuring of the plots. On Plots 
6, 7, and 15, potash has been applied every year, so that there 
was a large accumulation of potash residues in the soil. On 
Plots 3 and 8, on the contrary, no potash had been used; 
and as Plot 8 had been receiving phosphoric acid, the store 
of available potash originally in the soil must have become 
considerably exhausted. As we have also seen from the 
effect of mineral manures with and without potash on the 
other plots, that the development of leguminous plants is largely 
dependent on the supply of potash, it is obvious that the effect 
of lime had been mainly due to bringing into action the 
residues of potash accumulated from the previous manuring ; 
the lime only acts where there is such a residue of potash, 
and has chiefly stimulated the growth of leguminous plants, just 
as a direct application of potash would do. 

The long-continued use of manures like ammonium-salts, 
which are in effect acids, has altered the reaction of the soil 
and made it sour on some of the plots. This is vei'y palpable 
on Plot 5, which has received a very heavy dressing of 
ammonium-salts alone, and on which, as has before been 
mentioned, there is now a large amount of Sorrel, except on 
a small portion where chalk had been applied. A dressing 
of lime is, without doubt, necessary for grass land on most 
soils, in order to neutralise the acidity produced by decaying 
vegetation, and to enable the manures to exert their full effect. 
Thus although the liming at the rate of 2000 lb. per acre above 
mentioned was extended in 1887 to cover the whole of the 
experimental field, yet a farther dressing of lime in January 
1903 to the halves of the plots had an immediate effect upon 
the following crop. As the results of only one or two years 
are available as yet, they need not here be considered. 

YII. Changes in Herbage following Changes in Memuring. 

Oh two of the plots, which had received ammonium-salts and 
nitrate of soda respectively until the herbage consisted entirely 
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of grasses, the nitrogenous manures were discontinued, and in 
their place a complete mineral manure containing potash was 
applied. The diagram Fig. 29 shows the effect of this change 
of treatment on the composition of the herbage; the columns 
show the average proportion of grasses, leguminous plants, and 


Before. After. Before. After. Before. After. 



1862-8. S - v .. J 

1869-95. 

1862-75. s - y - ^ 

1876-95. 

1862. 

V - y -r—' 

1863-95. 

Plot 6. 

Plot 15. 


Plot 8. 

Change to Minerals 

Change to Minerals 


Omission of Potash. 

from 

from 



Ammonium-salts. 

Nitrate of Soda. 



| Grasses, />er cent. 

Leguminosae, 

percent. 



Weeds, per cent. 


Fig. 29. —Progressive effect of Changes in the Manuring on the Composition of the 
Hay Crop. Five-year periods. 


weeds before the change, and for successive five-year periods 
afterwards. 

On Plot 6 ammonium-salts alone was applied up to 1868, 
at which time the grasses constituted 63 per cent, of the 
herbage, and the weeds 37 per cent.—the leguminous plants 
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being barely perceptible. In 1903 the leguminous plants had 
risen to over 40 per cent, of the herbage, but the weeds had 
not altered much. The change, as is seen in the diagram, did 
not take place at once, the leguminous plants requiring nearly 
twenty years to spread and establish themselves; after five 
years, for example, they constituted less than 5 per cent, of the 
herbage. The photograph, Fig. 30, shows how closely the 
herbage on this plot now resembles that on Plot 7, which has 
never had anything but minerals. 

On Plot 15 nitrate of soda was used up to 1875, when the 
nitrate was dropped and a change was made to the same 
complete mineral manure as is used on Plots 6 and 7. At the 
time of the change the grasses constituted 80 per cent, of the 
herbage and the rest was weeds, the leguminous plants being 
again almost imperceptible. At the present time this plot is 
almost identical in aspect with the one previously described 
and with Plot 7 which has received only mineral manures 
from the beginning; it contained in 1903 about 50 per cent, of 
grass and 30 per cent, of leguminous plants. The photograph. 
Fig. 31, shows that Lathyrm is more prominent than the 
clovers. The change in the herbage on this plot took place 
rather more rapidly than on the plot which had received 
ammonium-salts beforehand, being practically complete in ten 
years. 

Plot 8 had received mixed mineral manure containing potash 
up to 1861, by which time the herbage had become largely 
leguminous, as on the adjoining Plot 7. The potash was 
dropped in 1862, though the superphosphate, magnesia, and 
soda have been continued. The effect of the absence of 
potash was seen very quickly, the proportion of leguminous 
plants dropping from 20 to about 9 per cent, in the first 
five years. Owing to the continued manuring with phosphoric 
acid and the lack of potash, this plot has become seriously 
impoverished, and is now very little better than Plot 4-1 which 
has received superphosphate only since the beginning of the 
experiments, the weeds constituting about one-third of the 
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herbage. The photograph, Fig. 22, shows the present state of 
the turf. 

It should be remembered that no new seed of any kind has 
been sown on the plots; the increase in the amount of clover 
and other leguminous plants is therefore due either to spreading 
from occasional stunted plants which were hardly perceptible 
in the herbage before, or to the blowing on of seeds which 
find after the change a congenial soil for their development. 
Immediately after the change the crop falls off, and only 
reaches a new constant level when the redistribution of the 
species occupying the ground has taken full effect. After 
the change in the manuring the herbage is not suited to 
the new conditions; at first the particular species favoured 
by the manure are not prominent, and it is only when they 
bulk largely in the herbage that the new manure can show its 
full effect. Hence it would seem desirable in manuring grass 
land to keep to the same kind of manure year after year, 
so as to produce herbage which will get the maximum effect 
out of the particular manure that is used. Again, if land 
is grazed one year and laid up for hay the next, the grasses 
which were at first favoured by the grazing will be dis¬ 
couraged during the growth of the hay crop: a better result 
will probably be attained by always grazing or always haying 
the same piece of land, so that there is present at the beginning 
of any season the special class of herbage which has been 
stimulated by the same conditions previously, and is therefore 
likely to give the best return. 

The changes which manuring can produce in the composi¬ 
tion of the herbage is perhaps best seen in Table LXII., where 
the complete separations of the herbage in the years 1862, 
1867, 1872, 1877, and 1903 are summai'ised for the more 
abundant species. Figs. 32-40, again, show in a graphic 
form the distribution on certain selected plots of these more 
important species. 
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Plot 3 4-1 8 7 8 17 4-2 9 II 14 

Fig. 32.—Percentage of Anthoxanthum odoratum in the Herbage of the Grass 
Plots. First Crop, Season 1903. * 2 

Unmanured . Minerals only . Nitrogen only . Nitrogen and Minerals . 

4-1. Superphosphate. 5. Amm.-salts. 4-2. No Potash 1 

8. No Nitrate. 17. Nitrate Soda. 9. Complete 

7. Complete. 11. Excess N. / S 

14. Complete; Nit Soda. 






ROTHAMSTED PARK HAY 173 

Table LXII. —Rothamsted Park Hay. Percentage of each Species by weight 
in the Mixed Herbage from Twelve selected Plots [first crops). Five 
separations, 1862, ’67, *72, *77, and 1903. 

(The maximum attained by each species in the particular year is printed in 

heavier type.) 







GRAMINEJ 2 . 






Years 

' Plot 













3 

4-1 

8 

7 

6 

15 

5 

17 

4-2 

9 

11-1 

14 

Anthoxanthum odoratum (Sweet-scented Vernal Grass). 

1862 

4*28 

3*66 

3-72 

3*06 

3*92 

1*82 

6*77 

2*06 

2*24 

1*24 

0*09 

0*35 

1867 

8*66 

7-16 

6*98 

3*93 

4*31 

1*83 

5*51 

2*31 

5-52 

3*59 

0*06 

0-13 

1872 

5*20 

4*74 

7*94 

2-72 

6*22 

4*49 

3*04 

4*50 

1*47 

2*25 

0-78 

0*02 

1877 

5 *12 

5*11 

7*55 

3*18 

4*89 

4*16 

4*09 

5*32 

2*36 

2*94 

0*19 

0*06 

1903 

1*34 

2*40 

1*50 

1*36 

1*90 

1*67 

12*29 

11*06 

23*44 

16*19 

0-98 

0*13 

Alopecurus pratemis (Meadow Foxtail). 

1862 

4*49 

1*32 

0*39 

0*34 

1*70 

6*90 

0*65 

23*94 

0*66 

0*27 

2*80 

0*22 

1867 

5*82 

1-84 

0*88 

0 * 8 S 

0*02 

5*95 

0-47 

21*71 

14-75 

0-07 

13*11 

3*54 

1872 

0*52 

0*86 

0-52 

1*17 

0*03 

2*46 

0*83 

16*25 

3*94 

2-76 

12*35 

3-72 

1877 

0*30 

1*40 

0-87 

0*48 

0*09 

7-17 

0*23 

12-72 

1*58 

0*96 

9-91 

20*18 

1903 

0*59 

0*31 

0*55 

4*51 

0*59 

10*24 

0-27 

9*74 

4*56 

4*08 

28*51 

28*72 

Agrostis vulgaris (Common Bent). 

1862 

11*36 

7-21 

10-01 

7-14 

21*43 

7-65 

24*80 

11*01 

19*38 

12*81 

13*17 

0*42 

1867 

8*63 

6*08 

4*32 

5*69 

14*41 

6*86 

20*97 

7-05 

14*00 

13*43 

19*27 

0*61 

1872 

16*14 

13*88 

9*32 

11-72 

23*37 

7*66 

26*62 

10*60 

20*59 

15*46 

13*56 

0*24 

1877 

13*28 

9*87 

12*40 

12*02 

8*58 

12-90 

29*46 

17-92 

24*39 

12*23 

29*20 

1*55 

1903 

0-19 

0*03 

0-72 

3*34 

2*51 

2*99 

11*66 

1-76 

2*04 

3*81 

1*42 

0*14 

Holcm lanatus (Woolly Soft Grass, or Yorkshire Fog). 

1862 

5*04 

11*82 

4*51 

5*06 

8-17 

7-61 

10*08 

8*23 

16*21 

12*14 

9*92 

6*60 

1867 

7-97 

9*16 

10*25 

11*81 

3-07 

11*81 

5 *15 

8*13 

10-53 

9*84 

2*86 

6-63 

1872 

3*60 

4*71 

4*61 

3 *16 

5*31 

5*32 

1-90 

5-87 

2*03 

7*61 

10*33 

3-67 

1877 

12*55 

19*35 

18*22 

13*16 

14*89 

14*95 

3*01 

10*91 

6*03 

10*37 

20*29 

12-75 

1903 

5*07 

4-74 

6*31 

3*07 

2-87 

2*35 

0*03 

4*84 

1*05 

3*94 

45*57 

0*02 




Arrhencitherum avenaceum 

(False Oat Grass). 




1862 

0*07 

0*13 

4*52 

2*41 

3*44 

0*04 

3*93 

0*68 

2-46 


0-77 

3*14 

1867 

0*21 

0*18 

3*16 

0*06 

6*60 


2-78 

0*23 

0*41 

2*50 

4*55 


1872 

0*13 

0*15 

4*40 

0*46 

3*60 


1*49 

0*48 

2*48 

11*40 

10-41 


1877 

0*05 

0*05 

3-17 

1*29 

2-77 


0*23 

0*01 

1*02 

13*23 

14*86 

0*32 

1903 

0 T 0 

0*03 

4*20 

1*16 

1*94 

0*16 

0*19 


0*95 

43*80 

23*00 

17-28 

Avma pubesems (Downy Oat Grass). 

1862 

9*65 

9*42 

12*68 

13*81 

14*54 

3*53 

7-31 

4*24 

7-38 

10-22 

1*66 

0*90 

1867 

3-07 

4*97 

3*44 

3*90 

0*90 

0-70 

0*63 

1*15 

3*94 

1*41 

0*01 

0*92 

1872 

3*55 

4*09 

3*66 

2*36 

1*83 

1*56 

0*24 

4*09 

0*28 

0*49 


0*19 

1877 

2*69 

4*02 

1-67 

2*25 

1-67 

3 *13 

0*12 

4*27 

0*03 

0*07 


0-47 

1903 

4-76 

9*77 

8*04 

4*28 

7*50 

4*18 

0*01 

8*69 


0*06 

... 

2*32 













Plot 3 4-10 7 S 17 4-2 9 U I* 

Fig . 33 . —Percentage of Festuca ovina in the Herbage of the Grass Plots. 

First Crop, Season 1903. 

Unmanured . Minerals only. Nitrogen only. Nitrogen and Minerals. 

4-1. Superphosphate. 5. A mm.-salts. 4-2. No Potash ^ * _ 

8. No Potash. 17. Nitrate Soda. 9. Complete r gaits* 

7. Complete. 11. Excess N. J 

14. Complete; Nit Soda. 
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Plot 












Years. 

8 

4-1 

8 

7 

6 

16 

6 

17 

4-2 

9 

11-1 

14 

Avena flavescens (Yellow Oat Grass). 

1862 

2*37 

4*12 

5*42 

4*02 

1*18 

3*86 

0*65 

1*45 

2*09 

9*08 

5*28 

4*88 

1867 

1*86 

4-28 

3*52 

4*84 

0*24 

4*26 

0*46 

3*18 

0*41 

3-78 

0*46 

7*12 

1872 

3*49 

6*09 

6*94 

3-72 

1*49 

3*83 

0*16 

4*96 

0-09 

5*30 

0*09 

5*67 

1877 

1-08 

2-47 

2*45 

8*66 

0*48 

2*98 

0*01 

1*98 

0*03 

0*67 

0*01 

2*93 

1903 

0-92 

2*83 

3*94 

6*64 

1*47 

5*53 

0*01 

1-78 


0-16 


0*31 

Poa pratensis (Smooth-stalked Meadow Grass). 

1862 

0*29 

0*56 

1*72 

1*13 

2*28 

0*14 

1-07 

0*02 

0-67 

10*68 

9*43 

1*45 

1867 

0-17 

0-26 

1*50 

1*05 

1*65 

0*13 

0*65 

0*21 

3-87 

18*02 

12*86 

1*05 

1872 

0*09 

0-45 

2*11 

2-27 

2*42 

0-37 

0*61 

0*09 

5*11 

22*67 

10*40 

2-57 

1877 

0*07 

0*02 

1*03 

1*75 

1-73 

0*11 

0*23 

0*09 

1*56 

18*08 

1*47 

4*01 

1903 

0-33 

0*83 

0*98 

2*34 

3*74 

2*52 

0*90 

0*20 

7-67 

11*68 

0-17 

9*20 

Poa trivialis (Rough-stalked Meadow Grass). 

1862 

1*54 

5-16 

5*48 

3-81 

1*53 

6*53 

0*89 

5*21 

8*14 

8-72 

13*25 

22*48 

1S67 

1-17 

5-65 

3*48 

4*38 

0-40 

23-67 

0*30 

12*08 

2*15 

2*14 

0*14 

32*93 

1872 

0-50 

3*79 

1*62 

2*30 

0*98 

7*95 

0-59 

2*74 

2*10 

0*64 

0*09 

24*76 

1877 

0*56 

4-72 

3*20 

2*11 

0*63 

6*05 

o-oi 

1*59 

0*31 

0*11 

0*33 

21*59 

1903 

0-01 

0*64 

o-io 

1-00 

0*19 

1*20 


0*96 

0*24 

0-01 


0*95 

Brim media (Quaking Grass). 

1862 

1*89 

0*58 

0*07 

0*03 


0*05 

0*06 

0*01 





1867 

0 68 

0*32 

0*08 

0*06 


0*02 

... 

0-07 





1872 

6*40 

2*12 

1*16 

0*10 

6*oi 

0*20 

0*01 

0*31 

o-oi 

6*oi 



1877 

7 26 

2-16 

0*57 

0*14 


0*30 

0*02 

0*72 





1903 

20 16 

11-2 5 

5*87 

0*13 

6*18 

0*22 


2*20 









Dactylis glomerata 

(Cocksfoot). 





1862 

1-76 

2*25 

3*50 

2-57 

2*05 

2*09 

2*39 

1-80 

2* 28 

5*58 

24*16 

10*00 

1867 

1*74 

0*99 

1*48 

4-67 

1*71 

0*21 

1*39 

0-57 

0*38 

4*64 

89*31 

7-28 

1872 

0*90 

0-57 

0*66 

1*68 

1*28 

0*11 

0-70 

0*64 

0*16 

11*88 

89*28 

3*33 

1877 

0*70 

1*41 

0*98 

3-67 

4*09 

0*36 

3*25 

0*58 

1*83 

14*07 

17*11 

12-48 

1903 

1*05 

1*30 

1*12 

4-97 

3*51 

0*48 

1-32 

0*92 

0*14 

6*14 

0*15 

0-71 

Festuca ovina (Sheep’s Fescue). 

1862 

13*30 

10*20 

7*51 

13*73 

13*33 

13*69 

21*99 

9*43 

6*80 

5*21 

1*46 

0*88 

1867 

15-20 

16*75 

17-74 

11*38 

25*93 

12*08 

80*57 

11*18 

26*09 

18*42 

0*50 

1*58 

1872 

21-67 

20*44 

23*95 

14-86 

31*15 

34-71 

46*56 

18*05 

49*29 

8*68 

0*38 

0*16 

1877 

21*89 

16*02 

19-76 

26*59 

38*02 

20-77 

53*31 

12*04 

56*20 

21*80 

4*15 

0*48 

1903 

17-45 

8*81 

9*48 

7-67 

8*80 

15*03 

56*66 

12*84 

53*56 

7*52 

0*02 

2*75 
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Fig, 34.— Percentage of Alopecurus pratmsis in the Herbage of the Grass Plots. 
First Crop, Season 1903. 


Unmanured. 


Minerals only. 
4-1. Superphosphate. 
8. No Potash. 

7. Complete. 


Nitrogen only . 

5. Amm.-salts. 
17. Nitrate Soda. 


Nitrogen and Minerals. 
4-2. No Potash ) * 

9. Complete 
11. Excess N. ) 

14. Complete; Nit. Soda 
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SUMMARY. 


TOTAL PER CENT. OF GRAMINEOUS, LEGUMINOUS, AND OF OTHER ORDERS. 

1 ^ST^ars. 

Plot 
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Total of Gramineous Species. 
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J Total of Leguminous Species. 
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Total of other Orders. 
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VIII, The Effect of Season. 


The hay crop probably fluctuates with the seasons more 
than any of the crops on arable land, because the land does 
not. receive cultivation, which tends to regulate the supply 
of water to the plant, and especially to preserve it from 
wasteful evaporation during dry seasons. Not only does the 
lypross weight of crop vary very much, but the character of 
the herbage alters considerably with the distribution of 








Fw. 88,—Percentage «*f Lnthynu pnUtmti In the Herbage »»f ilic Cnti Pint*, 
Ffrtt Crop, Btwwm 1903 . 
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the rainfall and temperature. Thus the year 1902 with fre¬ 
quent light rains was especially favourable to the growth of 
tins shallow-rooted Lathyrus, and other leguminous plants, the 
proport ion of which was doubled or more on some of the plots. 

I he Table LX I IT. shows the monthly rainfalls for the seasons 


1 Alsr.B LX T11.— Hothnmsf e,d Park Hay. Seasons of highest and lowest 
Yields compared with Monthly Rainfall. 
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10 Lowest Yields on Plot 9. 
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giving the highest and the lowest yields on the completely 
manured Plot 0, also the corresponding yields on Plot 14, 
which receives an equivalent amount of nitrate of soda 
instead of the ammonium-salts on Plot 9. Although in a 
general way it can he seen that a wet late spring is on the 
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whole more favourable to the leguminous plants, it is not easy 
to trace any connection between the weather, as judged from 
the meteorological records, and the character of the crop, since 
so much depends upon the frequency of the rainfalls and the 
relative predominance of particular species when the most 
favourable period for growth sets in. In a dry spring the 
plots receiving nitrate have a great advantage over those 
receiving ammonium-salts, but this is due to the deep-rooted 
herbage they carry, rather than to any direct effect of the 
manure used. As regards rainfall, the critical months are 
April and May: the rainfall of March appears to affect the 
crop but little. 


Practical Conclusions 

1. It is better to lay up the same land for hay each year, 
grazing the aftermath only, and, in the same way, always to 
graze other land, rather than graze and hay in alternate years. 
In this way we obtain the fullest development of those grasses 
and clovers which are suited to haying and grazing 
respectively. 

2. For the same reason the system of manuring once 
adopted should be varied as little as possible, for even manures 
as similar as nitrate of soda and sulphate of ammonia encourage 
different kinds of grass. 

3. On poor land any large expenditure on manures will be 
wasted; the character of the herbage must be slowly reformed; 
a full manuring is only utilised when there are plenty of strong 
and vigorous grasses or clovers among the vegetation. 

4. Land which is growing hay requires a manure which is 
mainly nitrogenous, whilst pasture requires a mineral 
manuring. 

5. On strong loams, with a good mixed herbage, a dressing 
of 10 to 15 tons of farmyard manure should be given every 
fifth year. In the other years a winter manuring (January 
or February) of 2 cwt. per acre of superphosphate (basic slag 
on strong clay soils), and 3 cwt. of kainit, with 1J cwt. 
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of nitrate of soda when the grass begins to grow, will be 
remunerative. 

6. On light dry soils, either sandy or chalky, the nitrogenous 
manures are the most important; dung, and cake-feeding the 
aftermath, will best build up a vigorous herbage, and until this 
is done it will not be wise to spend much money on artificial 
manures: 1 cwt. of nitrate of soda, 1 cwt. of superphosphate, 
and 3 cwt. of kainit, being about the best proportion in which 
to employ them. 

7. On all old grass land an occasional dressing of ground 
lime, at the rate of half a ton per acre, applied in the early 
winter (best in the year following the dunging), will sweeten 
the herbage and utilise the reserves of past manuring. 
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EXFKIUMENTS I'PoN <iU >I*S UKoWN IN lU*TATIt*N, AUtH* !*!* 

FI KM* 

I. The Vmnnmtnnl Plot*. 

II, Effect of the Miiiiuri*s. 

HI. The Effect of the Growth of Clover nr Ileniw «»n the mircrriliiig Cmp% 

IV. Effect of Miimirhil Itatidui’M on Mili«?«|iinit Crop*. 

V. Gain or Iosh of MiimirinI Coiwtiftiriilft to the I jwmI. 

Practical C o«cIi»ioiw. 

Hcfercncea. 

Thk Agdell field, which wan put under experiment in lhe year 
IH4H, differs from the* other Rothamsted fieldH in that it is 
farmed on a four-course rotation of Swedes, Iwirlev, clover (or 
beans) or fallow, and wheat, instead of growing one crop con 
tinuouHly. It is divided into three main plots, one of whieh (<)> 
has received no manure, tin* second (,\lj mineral mamm-H onh 
(superphosphate alone in the fust nine course*), and the third 
(C) a complete manure, containing the same minerals, hut also 
nitrogen in the form of rape take and ammonium wilts. The 
manures arc applied to tin* Swedes only, the other three crops 
of each course being grown without manure. Each of the 
throe plots is further Htilxlividcd info four, «<» as to obtain the 
following comparisons: (1) Half the plots carry clover or 
beans as the third crop of the course, ami half the plots are 
bare fallow. This shows the effect of introducing the lege 
minous crop into the rotation, as compared with the bare 
fallow. (2) From half the plots the root crops grown in the 
first course are carted; on the other half the roots are eaten on 
the land by sheep; or rather, since t he land is unsuitud to winter 
folding, the roots are chopped up and ploughed in. This slimes 
the effect on the succeeding crops of barley, etc., of the return 
of a root crop to the land by folding. 

The Tabic LX IV. shows the mean results for the last five 
courses, 1884-100:1. 

tm 
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CROPS CROWN IN ROTATION 


J. Tin; UNMANt iti.H Pi.<ns. 

The various crops as grown in rotation arc affect. -d very 
differently by the absence of niamirc than tin* same crops mv 
when grown continuously. In the ease of the corrals, the 
crop is maintained far better on the rotation plot', that are 
unmanural than on the. similar plots in Broadbalk am! linos 
field, where wheat and barley are grown conliminU'h . The 
root, crop, however, falls to a minimum in the absence of 
manure, and the mere net of growing in rotation is quite 
unable to provide suflieient nutriment for the need* of even a 
small crop. The clover and bean crops also grow very 
indifferently on the nnmatmred plots notwithstanding the 
rotation, though the falling-off is not so marked as in the ease 


of tin; Swedes. 

Although a rotation of erops, hv alternating plants of 
different requirements and different hahits (some deep and 
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some sltallow-rooting), is able to utilise more thoroughly the 
nutriment supplied as manure anti the initial resource* of the 
soil, it is evident Unit it cannot enable the crops to dw|iei»*e 

with supplies of manure, but that its value largely depends 
upon the opportunities it affords for cleaning the land and 
maintaining a proper system of tillage. Table LXV. shows 
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a comparison between the crops on the unmanured and the 
completely manured plot for the first four (or rather the 
second to the fifth) and the last five courses of the rotation, 
from which an idea can be obtained of how far each crop 



Swedes. 

Barley. 

Clover 
(or Beans), 

Wheat 

Manured Plots 

!■ !*-* Four 



Last Five 

® 100- 

Courses. 


i 

Courses. 


_ 



..... J 


Y 

Unmanured Plots. 



Fig. 41.— Crops Grown in Rotation. Relative Yield on Manured and Unmanured Plots 
in the earlier and later years of the Experiment 

has been affected during the fifty-six years of the experiment 
by the continued absence of manure. The same results are 
shown graphically in Fig. 41. 

During the last five courses the crop of Swedes on the 
unmanured plots has averaged only 16 cwt. per acre, and the 
roots have lost the appearance of Swedes, becoming tap-roots 
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unors giiowx in rotation 


with hardly any development of bulb. The crop, indeed, tell 
away to nothing us soon as the innimrc was discoiitima.il; it 
was less than K per cent, of the crop on the manured plots 
during the first, four courses, and it hits fallen to about half 
that (quantity during the, List five courses. Swedes ltare thus 
very little power of growing upon the reserves of nutriment 
in the soil, anti they arc almost wholly dependent upon an 
immediate supply of immure. 

Tito barley has yielded on the unmantired plots HI bushels 
of grain and II mvt. of straw per item during the last five 
courses. This amounts to about nil per cent, of the yield 
on tlio manured plots in the same yours, whereas for the first 
four courses the yield on the unnumuml plots was about 
70 per cent, of that of tint manured plots. As eotnjwired 
with the corresponding plot* in the same years in 1 loos 
field, where barley is grown continuously, the, yield of tmrley 
has been much better maintained when grown in rotation. 
On the Hoos field hi the hater years the product ion of the 
mi manured plots hitf* fallen to 527 jut cent, of that of the 
manured plots, while the rotation barley on the iintuaitnred 
had only fallen to 51) per cent, of that, on the manured plots, the 
same, years lining compared in each rase. 

Ott the Ilothanistol land it is not found desirable to grow 
clover every four years, bo only six clover crops have been 
taken during tlie course of the experiment, liearis having bent 
substituted in thn ot her eases. On these leguminous crops the 
absence of manure lias had a very marked effect"; tie produc¬ 
tion, which was nearly 60 ]>er cant, of the tnimwred plots in tint 
earlier courses, has fetllen to less than 41 per cent. in the later 
ones/ Thus the legmninoUH crops are much more afibetc* I by 
the cropping out of the laud than in the barley, 

Ht© wheat is better able to resist the deterioration of the 
fertility of the soil than any of the other crops are. The 
average production during the later course has Iwn M '2 
lafidtela per acre on the tthlhauiurad plots, m pempitml with 
11*6 btuheli par acre on the unnmnured pM & Broad lmik 
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growing wheat continuously, and with 17'5 bushels on the 
similarly unmanured plot where wheat is grown after a bare 
fallow. In the earlier period on the rotation field the 
unmanured plots yielded 82 per cent, of the wheat on the 
manured plots, but in the later period the production without 
manure had fallen to 66 per cent, of that on the manured 
plots, whereas in the corresponding later years of the con¬ 
tinuous wheat-field the production on the unmanured plot 
has fallen to 29 per cent, of that on the manured plot. 
It is clear that the progressive cropping out of the soil is 
telling upon the wheat, though it will take a very long time 
before the crop grown in rotation is reduced to the level of 
the unmanured land that is continuously cropped with wheat. 

II. —Effect of the Manures. 

The three main plots into which the experimental field is 
divided receive the following manorial treatment per acre :— 

0. Unmanured continuously. 

M. 3 2 - cwt. superphosphate, 500 lb. sulphate of potash, 
100 lb. sulphate of soda, and 200 lb. sulphate of 
magnesia for the Swedes. 

C. Minerals as on Plot M., together with 200 lb. ammo¬ 
nium-salts and 2000 lb. rape cake for the Swedes. 


Table LXYI. — Effect of Manures on Crops grown in rotation, Agdell Field ., 
Average produce per acre over the five last Courses, 1884-1903. 



O. 

■ -M. w 

0. 

; Unmauumd. 

Mineral 

Manures. 

Complete 

Manure. 

Roots (Swedes) . 

. Cwt 

15*9 

208*2 

399'9 

-"A' 

Barley Grain 

. Bush. 

15*8 

20*0 

, 27-7 

Barley Straw 

. U?. 

1261 

1424 

ps , * 

Clover Hay* 

. Cwt. 

9*1 1 

35*5 

37‘S' 

Bean Com t • 

^ . . Bush. 

15*9 

28*3 

18-0 . 

Bean Straw f 

. " . Lb. 

975 

3,191 

1289 

Wheat Grain 

. Bush. 

26*2 ^ 

> ' 36*1 

87 T 

Wheat Straw 

. . . Lh. 

2328 * 

3482 

- — 

8698 


r , 

4 * Average of 8 courses. f Average of 2 courses. 
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It should be remembered that each of these three plots is 
further subdivided into four quarter plots, in the first place the 
third crop may be clover or a bare fallow, and again the 
roots are carted off or fed on the land. 

The effect of the mineral manures without nitrogen is very 
marked on the roots; during the last five courses the crop 
averaged 208 cwt. per acre, as against 16 cwt. per acre only 
on the unmanured plot. Even on the most impoverished of 
the quarter plots, that from which the roots are always carted 
and where a bare fallow is taken after the barley, the produc¬ 
tion amounted to 178 cwt. (see Table LXIY.), although the 
plot had been receiving no nitrogen for thirty-six years 
previously, nor had any residues of the previous crops, which 
would contain nitrogen, been returned to the ground. Where 
the roots had been put back and where also a leguminous 
crop was taken in the rotation, the crop amounted to 245 cwt., 
the increase being due to the extra nitrogen thus returned 
to the soil. These results illustrate the great dependence 
of the Swede crop upon a plentiful supply of mineral, and 
especially of phosphatic, manures; the latter in particular 
seem to stimulate the development of fibrous roots, thus 
enabling the plant to utilise the resources of the soil. Again, 
the cultivation to which the land is subjected for the Swede 
crop is calculated to nitrify reserves of nitrogenous material in 
the soil and render the plant more or less independent of a 
direct supply of nitrogen. Thus, in ordinary farming practice 
with the land in good condition the Swede crop only requires 
a, small nitrogenous dressing, but should always have a 
comparatively large amount of phosphoric acid, in order to 
enable it to make the most of the reserves in the soil and of 
the dung which is generally used with this crop. 

The effect of the mineral dressing is much less mai*ked on 
the barley than on the roots, it only increases the average 
crop from 15 - 8 to 20 bushels per acre. This increase again 
is wholly found on the plots growing clover and beans 
and so receiving nitrogen collected from the air; the two 
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quarter plots which are fallowed after the barley actually grow 
loss than the corresponding unmanured plots. On these latter 
plots the preceding growth of a comparatively large crop of 
roots has removed so much nitrogen that the soil is left poorer 
than on the wholly unmanured plot, which has been taxed 
loss severely, though both are alike in receiving no supply of 
nitrogen during the whole course of the rotation. From this 
we may conclude that, in the absence of nitrogen, mineral 
manures are of no use to the barley crop, the magnitude of 
which will depend on the amount of nitrogen available, even 
when the mineral resources of the soil have been considerably 
drawn upon. In other words, with barley on unmanured land 
nitrogen starvation sets in long before the deficit in minerals 
is felt, the reverse being the case with Swedes. 

Coming to the leguminous crop, the mineral manures have 
4» very powerful effect, although they are applied a year before 
the clover is sown and two years before the crop is grown. 
The increase brought about is from 9 to 33 cwt. of clover 
hay, and in the cast; of beans, from 15 7 bushels of corn and 
H'7 cwt. of straw to 2K - 0 bushels of corn and 17 cwt. of 
straw. This illustrates well the generally accepted fact that 
the leguminous plants are in the main independent of manurial 
sources of nitrogen, which element they are able to draw from 
the atmosphere, especially when they are provided with plenty 
of mineral plant-food. 

In considering the wheat crop, it is necessary to distinguish 
between tint plots which have previously grown clover or beans 
and those which have been fallowed, because in the former 
case there has been such an accumulation of nitrogen in the 
soil that the succeeding wheat crop is very muejh stimulated. 
It will be seen that the crops on the fallowed portions 
averaged about 32 4 bushels per acre, as against 271 bushels 
per acre on the corresponding unmanured plots, an increase 
which must in the main he set down to the mineral dressings 
i eeeived three years earlier in the rotation. Where clover or 
beans are grown the crop mounts up to nearly 40 bushels per 
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a cm or to the maximum grown own on the plot* receiving 
nitrogen as well an minerals, so thoroughly have tin* leguminous 
plants done their work of accumulating nitrogen for tin*, 
succeeding crop of wheat. 

The application of the nitrogen (Ml Ik in the shape of 
rape cake and ammonium-salts) to the Swedes has nearly 
doubled the erop, the average during the last the courses 
having keen tiO tons, as against less than 10 a tons with the 
minerals only. Dependent as the Swede crop has been shown 
to he upon the minerals, the soil of the plot* receiving no 
nitrogenous manure has been so far depleted that nitrification 
•of the reserves of humus still remaining in tin* soil is not able 
alone to supply enough available nitrogen for tin* needs of the 
crop, as is shown hy the increased yield produced by a direct 
application of nitrogenous manure. 

The effect of the nitrogen applied to the Swedes is still very 
palpable in the barley erop, the yield of which is about 40 jier 
cent, larger on the completely manured plots than on the plots 
receiving no nitrogen. (Joining to the leguminous erop, tin* 
nitrogen has no effect; the clover is slightly better, but the 
beans are very distinctly worse where it has been applied. 
This affords very strong evidence of the extent to which 
leguminous plants are able to feed themselves with nitrogen 
from the atmosphere and become mdenendent of nitroiren in the 
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The wheat, which comes last in the rotation, still shows 
some effect for the nitrogen applied three years previously. If 
we consider the fallow portions only, there are nearly 3 bushels 
more grain produced by the residue of the nitrogenous 
manuring, so dependent is the wheat crop upon a supply of 
nitrogen. On the portions which grow beans or clover the 
wheat crop gains so much from the nitrogenous material 
left by the stubble of these leguminous crops that the effect 
of the previous nitrogenous manuring is no longer apparent, 
the average crop being actually highest on the portions 
receiving only minerals, thus corresponding with the varying 
yields of the previous leguminous crops rather than with the 
direct nitrogenous manuring. 
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Fig. 42.—Effect of Manure upon Crops grown in Rotation. Total Produce. Averages 
of Five Courses (1884-1903). Swedes in 100 cwt; Barley and Wheat in 1000 lb.; 
and Clover in 10 curt 

Fig. 42 shows in a graphic form the effect of these three 
systems—no manure, minerals without nitrogen, and a complete 
manure—hn the successive crops in the rotation. 
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IIL-Tuk Effect iif thi; (limuui <»f Ci.ovku <>n Beans on 
the Sm'HEtuNu ('mil's. 

It has already been stated that one of the main objects of the 
experimental belli is to eomjmre the results of growing a erop 
like beans or clover ns the third item in the rotation instead of 
taking a bare fallow. Of course, historically, this change from 
bare fallow to clover marks one of the great advances in 
agricultural practice, but its complete justification has only 
been possible in the last few years, since the power of the 
leguminous plants to fix atmospheric nitrogen has been known. 
In the Agdell field clover 1ms been grown six times and beans 
eight times during the period under experiment. Table 
LX VI I. shows the average erops of each scfHtmfely, together 
with the total produce of the sneeeediiig wheat crop on tin* 
fallowed and cropped portions respectively. 


TABLE LXVJ1.— t'fojm Ijmtut in <<>fittt>nt, Aytlril Puhl, KffeH of 1 ''<• •' 
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Mum if “ Ffl " mill " (''iftf.il " /«»/f imut, 
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The beneficial effect of the clover crop it* at once apparent 
from the table. On the tin manured plot the clover crop is a 
small one, and apparently the nitrogen it has collected from the 
atmosphere is not sufficient to compensate for the better tilth 
and nitrification which are induced by a bare fallow. On the 
plot receiving mineral manures a large bulk of clover is grown, 
averaging 44*4 cwfc. of clover hay, and notwithstanding that all 
this is removed from the land the nitroeen accumulated in the 


roots and stubbie is sufficient to mine the total produce of the 
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wheat from 5245 lb. to 5613 lb., or by 7 per cent. On the 
completely manured plot a still greater crop of clover is 
obtained, averaging 53 cwt., and this still further increases the 
wheat crop from 5479 lb. to 6130 lb., or by 12 per cent. 

With the beans an entirely different result appears; on 
each of the three plots the bare fallow proves a better prepara¬ 
tion for wheat than does the bean crop, after which in all cases 
the wheat crop is somewhat diminished. On the unmanured 
plot the average diminution is 11 per cent., on the minei’al 
manured plot it is l - 5 per cent., and on the completely manured 
plot it is 27 per cent. In other words, the bean crop, which is 
pulled, not cut, does not leave behind any great amount of 
nitrogen gathered from the atmosphere—not sufficient to 
compensate for the absence of the summer tillage that the 
bare fallow receives. These results are even more clearly seen 
when the crops following the largest clover and bean crops 
are considered, the results of which are set out in Table 
LXVIII. 


Table LXVIII .—Crops grown in rotation, Agdell Field. Effect of the 
largest Clover or Bean Crop on the following Wheat Crop. Total produce 
per acre—Mean of “ Fed ” mid “ Carted ” portions. 




Wheat, 1805. 



Wheat, 1808 



Clover, 


..— 


Beans, 


.-— 



1804. 

After 

Fallow. 

After 

Clover. 

Increase 
due to 
Clover. 

1802. 

After 

Fallow. 

After 

Beans. 

Increase 
due to 
Beans. 


Cwt. 

Lb. 

Lb. 

Far cent. 

Lb. 

Lb. 

Lb. 

Per cent. 

0. Unmamirecl 

16*5 

mi 

mz 

! + 2*0 

8603 

7222 

5281 

-26*9 

M. Mineral Manure . 

59*7 

4220 

5180 

! +22*7 

4083 

7910 

6090 

-23*0 

C. Complete Manure 

76-7 

4547 

5209 

+ 14*6 

5755 

8792 

7674 

-12*7 


In 1894 the clover on the unmanured plot produced only 
16 5 cwt. of hay and caused a barely perceptible increase in the 
total produce of the wheat, amounting to only 2 per cent. On 
the plot receiving a complete mineral manure, however, a very 
large crop of clover was obtained, 597 cwt. per acre, and this 
increased the total produce of the wheat crop from 4220 lb. to 
-5180 lb., or by 227 per cent., the extra grain amounting to 
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8 bushels per acre. On the completely manured plot a still 
greater clover crop was obtained, 767 cwt. of hay; this in its 
turn increased the total produce of the wheat crop from 4547 lb. 
to 5209 lb., or by 14'6 per cent. The increase of grain in this 
case was 7 bushels per acre. 

Turning now to the bean crop of 1862, the largest of the 
series, we find that it was also followed by a specially good 
wheat crop in 1863, but that in each case the wheat was less 
after the beans than after the bare fallow, the diminution 
amounting to 26'9 per cent, on the unmanured plot, 23 per 
cent, on the plot receiving superphosphate only, and 127 per 
cent, on the completely manured plot. These results can only 


Table LX1X. —Crops grown in rotation, Agdell Meld. Effect of Clover (or 
Beans ) on the succeeding Swede and Barley Crops. Mean of four 
Courses—Produce per acre. 


0. Unmanured . 

M. Mineral Manure 

C. Complete Manure . 

10th-I3tli 

Courses 

(1884-99). 

Clover 
(or Beans). 

11th to 14th Courses (1888-1908). 

Root Crops. 

Barley. 

After 

Fallow. 

After 

Clover 

or 

Beans. 

Increase 
due to 
Clover 
or Beans. 

After 

Fallow. 

After 

Clover 

or 

Beans. 

Increase 
due to 
Clover 
or Beans. 

Lb. 

1809 

4777 

4320 

Cwt. 

28*1 

201*4 

465*5 

Cwt. 

11*5 

251*9 

446*5 

Per cent. 
-59*1 
+ 25*1 
- 4*1 

Lb. 

2086 

2037 

3170 

Lb. 

2115 

3007 

3780 

Per cent. 
+ 1*4 
+ 47-6 
+ 19’2 


be interpreted by supposing that the large bean crop, so far 
from obtaining all the nitrogen it required from the atmosphere, 
drew extensively upon the resources in the soil, consequently, 
instead of enriching the land like the clover crop it actually left 
it poorer than it was before. 

Since the growth of clover has such a marked effect oh 
the subsequent crop of wheat, the question of the duration of 
the benefit caused by the clover naturally arises. Table LXIX. 
gives a summary of the results during the last four courses 
which have been completed, showing a comparison of the roots 
and the barley after fallow and after clover (or beans) re- 
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spectively— i.e., of the crops coming in the second, and third 
years after the growth of the leguminous crop. 

The results show that where the manuring is with minerals 
only the effect of the leguminous crop is very marked both in 
the roots and in the barley, i.e., that the nitrogen introduced by 
the growth of clover is opei'ative, not only in the wheat which 
follows it, but also in the roots and the barley which follow the 
wheat; in fact, in all the crops of the rotation until the clover 
comes round again. The root crop is increased by 25 per cent., 
and the barley crop by nearly 50 per cent., the magnitude of 
the increase being due to the fact that the leguminous crop 
represents the only source of nitrogen on this plot. When, 
however, the manure put on to the Swedes contains nitrogen, the 
effect of the nitrogen stored up in the soil by the clover crop 
two seasons before is masked by the fresh nitrogen introduced, 
and produces no increase of crop. It, however, becomes 
manifest in the succeeding barley crop, which is 19 per cent, 
greater on the portion cropped with leguminous plants than on 
the fallowed portion, so that we can say the value of a clover 
crop is felt for three years after its growth in all the crops of 
the rotation, even under the ordinary conditions of farming when 
a manure introducing lai'ge quantities of nitrogen is used once 
during the rotation. Of course it must be remembered that the 
above mean results are for the four last courses after ten 
rotations had been completed, and that as the benefit is 
doubtless somewhat cumulative from one rotation to the 
next, the results represent not so much the value of a single 
clover crop as of its constant introduction into the rotation 
instead of taking a bare fallow. On the other hand, if we 
compare the effects of the single crops, we find that the crops 
of beans, just as they show little effect in the succeeding wheat 
crops, so also they cause but a small benefit to the roots and 
barley coming later still. The continuous enrichment of the 
land shown in the above table has therefore been due in the 
main to the five occasions on which clover has been taken during 
the thirteen complete courses covered by the table. 
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manure. We thus obtain a means of ascertaining what residue 
is left in the land after the removal of the crop to which the 
manure has been applied. If, for example, we compare the 
plots receiving minerals only with those receiving minerals and 
nitrogen, on the fallow portion the addition of nitrogen produces 
;m increase of crop from 188 to 448 cwt. per acre, or of 138 
per cent. This crop of roots is entirely removed, but the suc¬ 
ceeding barley crop shows a total produce of 2575 lb. on the 
plot where nitrogen was applied to the roots, against 1825 lb. 
on the plot without nitrogen; thus the residue of the nitrogen 
in the ground after one crop had been grown and removed was 
.still able to increase the next crop by 41 per cent. 

The following Table (LNX.) shows the summarised results 

Taiii.k I j.KX. —( IrupH fjrtwn -in rototinu., Arjtlcll Field. Total 2>i‘odtwe jier 
ura-. Mean of Jivr. <lounsex, 18K4-1903. Tnerease due to Jfitivijcnmis 


J Itumren applied to thr 

Swede Crop only. 

and their 

ReMduw. 


yimnum. 


Swedes. 

Harley. 

Fallow 
(or Leans or 
Clover). 

Wheat. 


Roots carted, Fallow. 



Minttrata only 

Nitrogen 


Cut. 

1S«-1 

44 8 

Lb. 

182.1 

2a 75 

Lb. 

j-Fallow | 

Lb. 

5180 

5521 


. 

2:»9-D 

138-1 

750 

41 -1 


341 

6*6 

Roots carted* Beans or Clover. 



Mineral* cm ly 

Mto€wd« i Nitrogen 


345*7 

2548 

3751 

5995 

. 

445-4 

8543 

3317 

6140 



218*4 

995 

- 434 

1 145 

. 

m-2 

89*1 

- 11*6 

24 


for the last five courses on both the fallow and the clover 
portions. 

It will he seen tliat a nitrogenous dressing consisting of 
rape cake and ammonium-salts leaves in the ground, after 








CROPS CROWN IN ROTATION 


200 

growing a crop of roots, a residue which increases the hurley 
crop hy 41 per cent. ; even two years later, after an intervenin'.? 
hare fallow, sufficient still remains to increase the. wheat crop 
hy nearly 7 per cent. A very similar increase in the barley 
crop, of dh percent, instead of 41 percent., is brought, about hy 
the residues of the nitrogenous manurin'? applied to the Swede 
crop on the plots which, instead of bein'? fallowed, carry clover 
or beans as tint third crop in the rotation. On the leguminous 
crop itself', however, the residues of nitroj?en still in the soil have 
a depressing effect, the average product ion of beans or clover 
bein'? 11 ■<> per cent, less on the plots which receive nitrogen 
for the Swede crop than on the correspondin'? plots getting 
no nitrogen, a result of nitrogenous manuring which 1ms been 
noted before. 

Further evidence of the duration of manorial residues is to 
he, obtained hy comparing the plots from which the roots are 
removed with those to which the roots are returned, and noting 
the effects on the succeeding crops of the rotation. For this 
purpose it will he wise to consider only the plots on which the 
Swedes receive nitrogen as well as the minerals, for on them 
only in there a crop of Swedes big enough to leave any per¬ 
ceptible residue. Table LXXI. shows the average results 
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(grain and straw) for tint last five courses on the fed and cartell 
portions, where a Imre fallow is taken in each course. 

Taking the figures in the last column, we see that the effect 
of the root crop on the succeeding lawlcy is considerable, for 
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the yield of barley is increased by as much as 53 per cent, 
through the return of the root crop to the land. The residues 
have, however, but a small effect two years later on the wheat 
crop which follows the bare fallow, for where the roots were 
fed the wheat crop is only 13 per cent, larger than where 
the roots were carted off. The residual effect has practically 
disappeared by the fourth year, and when the roots (to which 
a fresh application of manure is applied) come round again 
they are little the better for any accumulated residues in the 
soil, even though the treatment of returning or removing the 
roots is repeated through thirteen rotations, or a period of 
fifty-two years. 

The next Table (LXXII.) shows the parallel experiment, 
in which clover or beans are grown in the third year of the 
course instead of taking a bare fallow. 


Table LXXII. 



Average Produce per acre. 

Relative Yield. 


Roots Removed. 

Roots Fed. 

Roots Removed. 

Roots Fed. 

Swedes. 

445*4 ewt. 

408*1 CWt. 

100 

92 

Barley . 

354-5 lb. 

4579 lb. 

100 

128 

Clover or Beans . 

4066 lb. 

4572 lb. 

100 

109 

Wheat . 

6140 lb. 

6246 lb. 

100 

102 


In this case the effect of feeding the roots on the land is 
plainly visible in the following crop, though the increase is not 
so great (being 28 per cent, instead of 53 per cent.) as when the 
rotation includes a bare fallow. > 

The second crop, clover or beans, is also benefited to some 
extent, for the residue of the roots produces a mean increase of 
9 per cent. Now, however, the new stores of nitrogen intro¬ 
duced by the clover crop practically obliterate all further effect 
of the residues, and the wheat crop is to only a trifling extent 
the better for the return of the Swedes to the land three years 
previously. 
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The diagram, Fig. 44, shows graphically the* effect that, 
feeding off the root crop on the land has on the succeeding 
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Y.—Gain or Loss of Manurial Constituents to the Land. 

From the analyses which have been made from time to 
time of the crops on Agdell field it is possible to estimate the 
quantities of the chief manurial ingredients—nitrogen, phos¬ 
phoric acid, and potash—which are removed from the soil 
during a typical rotation. Thus we can form some idea of 
what will be necessary to maintain the fertility of land under 
ordinary crop, and whether there are any natural recuperative 
agencies which restore plant food to the soil. 

Table LXXIII. shows the amount of nitrogen removed per 
acre per annum on the three plots which are fallowed and 
where also the roots are carted off—where everything is, in 
fact, removed, and no nitrogen is added except in the one case 
on Plot C where the Swedes are manured. 


Table LXXIII .—Nitrogen removed by Crops grown in rotation, Agdell Field. 
Average of eight Courses, 1852-1883. Boots carted. 



0 . 

M. 

C. 


Unmanured. 

Minerals* only. 

Complete Manure. 


Lb. 

Lb. 

Lb. 

Supplied in Manure 

0 

0 

140 

Removed in Crops 




Swedes. 

11*5 

34*8 

78*5 

Barley. 

28-1 

23*3 ! 

39*2 

Fallow ..... 




Wheat. 

30**6 

39**0 

42 : 1 

Total in rotation 

78*2 

97*1 

159*8 

Per acre per annum. 

19*1 

24*3 

40*0 


It will be seen that on the unmanured plots the removal of 
nitrogen is chiefly effected by the two cereal crops, so small 
has the crop of roots become. The average loss of nitrogen 
over the whole four years of the rotation amounts to just 
over 19 lb. per acre per annum, which agrees very closely 
with the average annual removal of nitrogen from the 
unmanured plot in Broadbalk where wheat is grown year 

after year. When mineral manures are used for the Swedes 

o 
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the loss of nitrogen to the soil during the rotation is greater, 
amounting to over 24 lb. per acre per annum, the increase 
being almost wholly due to the much larger Swede crop 
which is obtained by the help of the mineral manures. 
Coming to the plot which receives a nitrogenous manure for 
the Swede crop, we find the average removal of nitrogen 
becomes 40 lb. per acre per annum, a slightly greater quan¬ 
tity than is supplied by the manure, so that the net loss 
is about 5 lb. of nitrogen per acre per annum, approximately 
the amount annually restored by the rain. Thus, if we con¬ 
sider this plot alone, an almost exact balance is obtained 
between the nitrogen supplied and the nitrogen removed, so 
that the fertility of the land should be closely maintained. 
There are, however, other sources of loss which the above 
figures do not take into account—losses by the removal of 
weeds, losses by the washing away of nitrates, especially 
during the bare fallow, and losses due to the decomposition 
of nitrogenous materials in the soil with the evolution of their 
nitrogen as gas, “denitrification” so called. Possible sources 
of gain are the absorption from the atmosphere of ammonia 
other than the ammonia washed down in the rain, and the 
fixation of atmospheric nitrogen by soil bacteria which do not 
require the co-operation of a leguminous plant. It is difficult 
to decide whether the fertility of this plot is really falling off 
or not, so great is the effect of seasons in causing fluctuations 
in yield which cannot be gauged; the last four root crops 
have actually been greater than the first four, the wheat has 
been somewhat less, while the barley has given in the latter 
years less than half the crop of the earlier ones. The seasons 
in the latter years were, however, against the barley crop, so 
that one can come to no very definite conclusion as to whether 
the recuperative agencies indicated above are sufficient to com¬ 
pensate for the unestimated but inevitable losses. 

Turning now to the plots on which clover or beans are 
grown, it becomes still more difficult to estimate the gain or 
loss of nitrogen to the land, since the leguminous crop gains an 
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amount of nitrogen for the land which we have no means 
of calculating, but which we know is sufficient to benefit the 
succeeding crops for at least three years. Table LXXIV. 
shows the removal of nitrogen per acre per annum on the 
plots growing beans and clover where the root crop is com¬ 
pletely carted away. 


Table LXXIV. — Nitrogen removes, by Crops grown in rotation, Agdell 
Field. Average of eight Courses, 1852-1883. Boots carted. 



0 . 

M. 

C. 


Unmanured. 

Minerals only. 

Complete Manure. 


Lb. 

Lb. 

Lb. 

Supplied in Manure 

o 

0 

140 

Removed in Crops :— 




Swedes. 

7*6 

33*3 

80*6 

Barley. 

30*4 

23*5 

40*7 

Beans or Clover .... 

41*4 

61*5 

89*5 

Wheat. 

32*8 

35*9 

43*7 

Total in rotation 

112*2 

154*2 

254*5 

Per acre per annum. 

28 T 

38*6 

63*6 


On the plot receiving mineral but no nitrogenous manure 
the removal of nitrogen is now nearly 40 lb. per acre per 
annum; but if we exclude the clover or bean crop as providing 
its own nitrogen, the loss is only a little over 23 lb. per acre 
per annum, some of which is undoubtedly replaced by the 
nitrogen drawn from the atmosphere and left in the roots and 
stubble of the clover. With the nitrogenous manuring for the 
Swedes the annual removal of nitrogen amounts to nearly 64 lb. 
per acre per annum, or again excluding the amount contained 
in the clover or beans, to about 41 lb., of which the nitrogenous 
manure used for the Swedes provides 35 lb., reducing the net 
loss to the soil to about 6 lb. of nitrogen per acre per annum. 
This is easily compensated for by the amount of nitrogen intro¬ 
duced by the clover crop, and there is every indication that the 
fertility of this plot, so far from falling off, has been increased 
somewhat by each completed rotation. Hence we can con¬ 
clude that fairly strong land, such as we are dealing with, 
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when fanned on the four course system will rise rather limn 
fall in fertility if during the rotation it receives manure .supplying 
loO lb. of nitrogen per aero, even though the routs are wholly 
removed from the land. Such a quantity of nitrogen would he 
supplied by lb tons of fair ordinary dune It should be, how- 
ever, remembered that the state of equilibrium thus attained is 
not ;i very high one, and that if tin* laud is to be kept in higher 
“condition,” with a generally larger production throughout, 
then the losses of nitrogen by drainage ami denilfiltration will 
also be greatly increased. Hence if the higher level of produc 
tion is to be maintained it will require an additional exj*eudi 
lure of nitrogen ns manure, not merely enough to make up for 
the larger amount removed in the greater crops, but a consider 
able surplus in order to compensate for the increased wastage. 

When the mineral constituents of plant food are considered 
- the phosphoric acid and potash there is no difficulty in 
estimating the annual loss or gain to the soil, because vve know 
that there are no recuperative agencies at work to increase the 
original stock of such mineral substances in the soil, nor, on 
the other hand, are the only possible losses, those by drainage, 
of any moment. The annual draft, on the soil cam then be 
estimated with accuracy if we know the amounts of the con¬ 
stituents in question which are contained in the manure supplied 
and in the crops removed. 

On the unmanured plot, from which everything is removed, 
the loss of phosphoric acid is about 7T> lb. per acre per annum 
under the rotation, a figure which is very close to the annual 
withdrawal of phosphoric acid from the mmmntired plots 
where wheat and barley arc respectively grow n year after year. 
On the continuous wheat plot the amount removed in the crop 
is 81) lb. per acre per annum, on the barley it Incomes 7*8 11*. 
per acre per annum. Again, as regards the potash, the average 
removal from the tinuianured plot under rotation is 1J Y*I lb., 
whereas the continuous wheat plot similarly unmarmred loses 
14*3 lb., and the continuous barley plot 11 *8 lb. per mm |wr 
annum. 
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It thus appears that when land is continuously cropped 
ithout manure and without the restoration of any parts of 
<3 crops grown to the soil, the annual withdrawal of the chief 


Table LXXV. — Phosphoric Acid and Potash removed by Crops 
grown in Rotation. Agdell Field. 



Phosphoric Acid. 

Potash. 



Completely 


Completely 


Unmanurod. 

Manured. 

Unmanured. 

Manured. 







Fallow. 

Clover or 

Fallow. 

Clover or 


— 

Beans. 

— 

Beans. 


Roots 

— 

Roots 

_ 


Carted. 

Roots 

Carted. 

Carted. 

Roots 

Carted. 

-o moved in :— 

Lb. 

Lb. 

Lb. 

Lb. 

Swedes .... 

1*55 

20*19 

6-07 

78*31 

Barley. 

13 T1 

21*59 

18-96 

31 *49 

Fallow, or Beans or Clover . 


18*03 


47*40 

"Wheat. 

15*40 

21*96 

a7-77 

38*29 

Total .... 

30*06 

81*77 

52*80 

195*49 

applied in Manure . 


64 


150 

Net Loss to Soil 
verage Loss to Soil per acre 

30*06 

17*77 

52*80 

45*49 

per annum . . . . i 

7*52 ! 

4*44 

13*20 

11*37 


Lnurial constituents will be about the same whether the land 
put under a rotation or grows a cereal crop every year. Of 
ixrse the rotation plot in this case is practically growing two 
real crops only in the four years, with a fallow between each, 
small is the production of roots in the first year of the 

ULTSO. 

Table LXXVI. (p. 214) brings together for comparison 
3 annual losses on the three unmanured plots in question. 

As regards the manured plots growing clover or beans, we 
<1 that a little more than 80 lb. of phosphoric acid is 
moved during the four years of the rotation and must be 
placed by manure if the fertility of the land is to be main- 
ned. If 15 tons per acre of dung be given during the 
nation, more phosphoric acid will be returned than is 
oil drawn by the crop; but, as the phosphoric acid in dung is 
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not in a very active form ami as I In* growth of Swedes is on 
specially dependent on an abundant and active supply of 
phosphoric acid, it would probably be necessary to use I cwt. 
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or ho of superphosphate per acre if a good average crop of 
roots is to bo obtained. The withdrawals of jjntash from the 
soil during the rotation are more considerable, amounting to 
nearly 200 lb. per aero, winch in this ex|«?rimenf are only 
partially replaced by the 150 lb. given in the manure for the 
Swedes. We am assume, however, that even if this is not 
supplied by the 15 tons of farmyard manure, whieh we have 
been assuming as necessary to maintain both an average yield 
and the fertility of the land, yet it will not be necessary to 
afford any artificial supply of potash on a soil like that of 
Rothamsted. The reserves of potash in stieh a strong soil are 
enormous-at, hast 50,000 lb. per acre in flu; top U inches of 
soil, of whieh 12,000 lb. is soluble in Itydroehlorie arid and 
a little of it becomes available every year under the action of the 
weathering induced by cultivation, 

Pkaotioai. Conclusions 

The following conclusions may to drawn from an examina¬ 
tion of the results yielded by the Agdell Rotation Field 

1. On land continuously cropped without manure the Swede 
crop is the first to feel the want of manure, the yield being 
reduced to a minimum almost immediately. The leguminous 
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ps fall off more slowly, and the cereals, especially the wheat, 
intain a fair production for a long period. 

2. The unmanured wheat and barley grown in rotation 
itinue to give much greater produce than they do on land 
dlarly unmanured but growing the same crops year after 
-r. This is, however, chiefly in virtue of the two fallowings 

land receives during the four-years’ course, the unmanured 
d losing about the same amount of plant food in the one 
e as in the other. 

3. On the manured plots the yield of Swedes is determined 
both phosphatic and nitrogenous manure, chiefly by the 
ner; the yield of cereals is determined by the available 
'ogen in the soil. 

Leguminous crops like clover and beans are dependent on 
supply of minerals, particularly of potash, and are even 
lewhat decreased by the presence of much nitrogen in the 

i 

L. 

4. The inclusion of a clover crop in the rotation, besides 
'viding a crop of hay, leaves the land so much richer in 
:‘ogen that the succeeding wheat crop is greatly increased, 
a good effect of the clover persists and may be traced through 

the crops of the rotation. With beans in place of the 
ver, no beneficial effect is produced on the succeeding 
ps. 

5. The effect of such residues as are left by an organic 
nure like rape cake applied to the Swedes, or those left on 
boring the Swedes to the land, or the residues left by a 
ver crop, is to be traced in the three following crops at 
it. In the third crop they are, however, becoming small, 
l even in the second year after the application of the 
nure the effect of the residues becomes masked by any 
v addition of nitrogenous manure, although they may still 
lain and go to build up the “condition” of the soil. 

6. The losses of nitrogen to strong land farmed on the four- 
rse system are almost made up by the growth of a crop of 
ver, and will be more than repaired by a dressing of 15 tons 
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of farmyard manure or its equivalent during the r<iiation. Tin 
losses of phosphoric acid and potash would be similarly mad* 
up, though if is well also to use about off lb. of phosphorii 
acid per aero for the Swede crop, which R serially dependent 
on a large quantify of available phosphoric acid, 

Mrrn*i-)vi n* 
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■fclFIOATION AND THE COMPOSITION OK DRAINAGE WATERS 

L The Process of Nitrification. 

II. Denitrification. 

III. Nitrates in Cultivated Soils. 

IV. Nitrates in Manured and Cropped Soils. 

V. The Nitrates in Drainage Waters. 

VI. Other Constituents of Drainage Waters. 

References. 

I.—The Process of Nitrification. 

fact that cultivated soils could induce the conversion 
game matter containing nitrogen into nitrates lias been 
n for a long time, indeed it was for many years utilised on 
ixnercial scale for the production of nitre. Many of the 
dons under which nitrification takes place had been 
sd out by the men in charge of the old saltpetre beds 
> Boussingault and other investigators considered them 
from the point of view of agriculture. The presence 
cium carbonate or some other base, the aeration of the 
warmth, and a certain proportion of water had been 
t to be necessary, while it was known that much organic 
r was injurious. That the action is brought about by a 
organism, was first established by the experiments of 
ssing and Mlintz in 1877; and on the appearance of 
paper, Mr Warington, who was then working in the 
Misted laboratory on the subject of nitrates in the soil, 
sded to a further investigation of this important subject, 
rst experiments confirmed the conclusions reached by 
>sing and Muntz, and showed that the amount of nitrates 

IT 








MTIU FI CATION 


'JUi 

in a soil increased when pure air was led through ii, but that 
no increase was ohservalde when the air contained a trace 
of an antiseptic like chloroform or carbon bisulphide. Further 
experiments east light on the conditions under which the 
nitrogen in ammonium stilts would thus jwiss over into 
nitrates a preliminary seeding from a previously nitrifying 
solution or from soil or natural waters is necessary bright 
light inhibits the process, and the drying up of a soil, even 
at, the ordinary temperature of a room, is sufficient to destroy 
the agent of the. change 1 . All these facts showed that the 
change to nitrate was effected by living organisms present in 
the soil and in natural waters. It was also shown that certain 
food substances, particularly phosphoric acid, are required in 
the nitrifying solution. About, the same lime also, Mntiro 
showed that the organism can obtain its carbon from purely 
inorganic sources like the carbonates of ammonia or calcium, 
acquiring the necessary energy for splitting tip the carlam 
dioxide from the combustion of the ammonia to nitrons and 
nitric acid. This remarkable fact was afterwards more 
rigorously demonstrated by Winogradsky, who established a 
relation of about thirty-live to one between the nitrogen oxidised 
and the carbon assimilated. 

In the course of Warington’s experiments lie observed that 
when a eomjstratively strong amnioniticiti solution (containing 
also phosphates, ete.) was seeded from a soil, the first product 
of the oxidation was largely, if not wholly, nitrites, and that, 
these nitrites were converted into nitrates at a later stage 
when most of the original ammonia had been oxidised. This 
seemed to indicate, that the reaction takes place in two stages, 
a preliminary oxidation to nitrite being followed by a second 
independent change of the nitrite into nitrate. Warington 
succeeded in scjuirating by repeated cultivations one agent tlrnt 
would only carry on the first oxidation from ammonia to nitrite, 
and a second that would oxidise nitrite into nitrate but would 
not attack the original ammonincal solution. Although 
Waring! on was not able at that time to demonstrate in « puns 
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state the organisms respectively carrying on these reactions, but 
his experiments proved that the ordinary process of nitrification 
in soil, etc., must be due to two distinct organisms, the niti’ous 
and nitric, each incapable of doing the work of the other. 
Soon afterwards Warington’s conclusions were confirmed by 
Winogradsky, who succeeded by a new method in preparing 
pure cultures of the two organisms. 

The position in which Warington’s investigations left the 
question of nitrification has not been materially advanced since ; 
the process is carried out by two distinct organisms present in 
enormous numbers in all cultivated soils, being only absent from 
soils possessing an acid reaction like peat. The action of these- 
organisms is dependent on certain conditions of temperature 
and aeration, on a supply of inorganic food like phosphates, 
on the presence of a base and on the absence of any excess of 
soluble organic matter. 

II. —Denitrification. 

During the progress of the investigations on nitrification 
Warington found that under certain conditions soils possessed 
the power of destroying any nitrates which had been formed 
previously. This had been observed before, and shown to be 
due to the action of sundry living organisms which are univer¬ 
sally distributed in natural waters, sewage, and soil. The main 
conditions necessary for the development of this reducing action 
are the absence of oxygen and the presence of a sufficiency of 
readily oxidisable organic matter; it will then depend on the 
conditions to which the soil is subjected whether the nitrate¬ 
making or the nitrate-destroying organisms become active. 
Warington, for example, showed that if an ordinary soil were 
deprived of air by keeping it in a water-logged condition, 
any nitrates added to it would be rapidly destroyed with the 
evolution of nitrogen gas. 

The action of a number of organisms was studied by intro¬ 
ducing them into beef broth containing some nitrate and 
protected from the access of oxygen by a layer of paraffin oil. 
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Under these conditions, of thirty wyhi distinct « 
tested, nineteen reduced the nitrate to nitrite, one of them 
producing nitrogen gas also, three brought about some digit! 
reduction, and fifteen were without action on the nitrate. 
Reduction to a nitrite was the most general reaction, hut 
other organisms have I teen found eajtable of carrying the 
reduction further to nitric or nitrous oxide, or even to nitrogen 
gas. 

It, 1ms been supposed that eonsiderable losses of nitrogen 
are likely to accrue from this cause whenever nitrate of nida j* 
used as a manure in conjunction with organic materials like 
dung. But, notwithstanding the presence of denitrifying 
bacteria in the soil, the conditions tinder whieh they heroine 
active—absence of air, a high temperature and the presence 
of large quantities of soluble organic mutter are so rarely 
realised that denitrification probably plays no large j«irt 
in practice. For example, on the Rothamsted mangel plots, 
where large, quantities of nitrate of soda are used in conjunction 
with dung applied every year, the recovery in the crop of tin* 
nitrogen supplied in tht* nitrate compares fatotmihh with the 
proportion recovered when nitrate of soda alone is used U«*e 
pp. 113-4). In other words, the. nitrate of soda produce* 
almost as large an increase whim added to a dunged a* to an 
untnanured plot, hence very little of its nitrogen eati have 
been wastefully liberated as gas. 

Latterly the term denitrification has been used in a wider 
sense for all bacterial decomposition of organic bodies containing 
nitrogen, whieh result in the loss of nitrogen as free gas. Such 
actions must he always going on in soil, and serve to account 
for the fact that there seems to he a limit to the acciimitla 
tion of nitrogen in soils, because the destructive changes 
proceed with greater rapidity as the amount of organic 
matter in the soil increases and provides a richer medium for 
the development of these bacteria. For example, it is found 
tliat the amount of nitrogen accumulated in the soil of the Ihtrk, 
which has been in grass from time immemorial, shows no 
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tendency to increase and is but little higher than the proportion 
in the soil of other adjoining meadows which have only been 
laid down to grass for thirty years or so. Again, in the Broad- 
balk wheat field, the plot which receives farmyard manure is 
supplied annually with far more nitrogen than is removed in 
the crop. During the earlier years of the experiments there 
was in consequence a rapid rise in the proportion of nitrogen 
in the soil, but this rise has diminished, and has been latterly 
by no means equal to the annual increment of nitrogen. A 
state of equilibrium is eventually attained, when the destructive 
agencies find the conditions so favourable for their develop¬ 
ment that the quantity of nitrogen compounds broken down 
to the state of gas becomes equal to the surplus of combined 
nitrogen that is added year by year. 

III. —Nithates in Cultivated Soils. 

The nitrifying organisms are in the main present only in the 
surface soil which is subject to cultivation; at depths greater 
than 9 inches from the surface the organisms become more 
scanty and less effective in inducing nitrification in a suitable 
medium. During the sampling of several of the Rothamsted 
soils Warington took advantage of the pits dug into the 
subsoil to obtain small samples of the undisturbed subsoil, 
portions of which were then introduced into solutions capable 
of undergoing nitrification. It was found that the nitri¬ 
fying organisms were present in all the samples down to 
9 feet from the surface; at 6 feet, where the subsoil was clay, 
half the samples failed to induce nitrification, at 8 feet the clay 
subsoil showed no evidence of the presence of nitrifying 
organisms. Whenever the subsoil passed into the chalk rock, 
which in one case extended to within 5 feet of the surface, no 
nitrifying organisms were found. Practically the whole of the 
nitrification going on in a comparatively close soil like that of 
Rothamsted takes place in the first 9 inches which gets 
stirred about and aerated by the action of the plough. 

It will now be realised that the most favourable conditions 
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for nitrification occur when the land is subjected t<» a liare 
summer’s fallow; the land is l*ein*4 thoroughly worked, tin* 
temperature is high through the complete exposure to th<* sun s 
ravs, and the soil also retains sufficient moisture for nitrification 
because it, is not being dried by the growth of a crop, 'Un¬ 
favourable results accruing from a bare fallow on strong land 
have already been discussed, and though they are in part dm* 
to the freedom from weeds and the improved tilth of the soil, 
the main effect must he attributed to the aeenmulation of 
nitrates during the summer. 

The following talde shows the amount of nitrogen as 
nitrate found in various iiothamsted soils after fallowing 
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The accumulation of nitrates in the surface soil of the 
uncropped land as the summer advances is to he seen very 
plainly from the figures : the lowest amount of nitrate was in tin* 
March sample, and both the .July samples were poorer than flint 
drawn in October. In October also the continuous wheat land 
had boon broken up, and nitrification thus started afresh. It t* 
also plain that the fallow land was much richer in nitrates than 
the plot which had been under continuous crop, although the 
accumulation of nitrates was greater on the last plot where, the 
laud had been manured and was in good condition than on the 
other plots, all of which had long been tin manured. 

It has already been pointed out in dealing with the wheat 
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crop (p. 63) that the increased crop after fallow is almost 
wholly dependent on the retention in the soil of the nitrates 
thus formed in the summer. Should a wet autumn and early 
winter succeed, the nitrates are washed so far down in the 
subsoil as to be out of reach of the crop, which then shows a 
very small return for the previous summer fallowing. 

The rapidity with which nitrification may take place after 
harvest is also noticeable in the table. There is plenty of 
evidence that for three months or so before the removal of the 
wheat crop the soil in which it is growing is practically free 
from nitrates, but if rain falls when the ground has been 
broken up after harvest the conditions become extremely 
favourable to nitrification, because the soil is warm and well 
aerated by stirring, and possesses a suitable degree of moisture. 
Hence heavy autumnal rains, before the land is again occupied 
by a crop to take up the nitrates, may easily result in serious 
loss to the land, and some quick-growing covering crop like 
mustard is valuable, because it seizes upon the ready formed 
nitrates. At a later date the nitrogenous compounds the 
mustard has formed from the nitrates, which would otherwise 
have been washed away, are returned to the land, either by 
being ploughed in or fed off, and become available on their 
decay for the nutrition of the succeeding crop. Even a free 
growth of weeds on the stubble will diminish the loss of 
nitrates to the land. 


IV.— Nitrates in Manured and Cropped Soils. 

In several instances, as, for example, in the Broadbalk field 
in 1893, soil samples have been drawn to depths of 9 feet, 
and the distribution of the nitrates in the successive 9 inches 
determined. Table LXXVIII. shows the results for certain 
of the plots sampled in October of that year, after a very dry 
summer yielding a crop much below the average, and also after 
a fall of about inches of rain between harvest and the time 
of sampling. 
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It has already I«ifti pointed out that nitrilifiitif*i» in praeti- 
cally confuted to the surface soil, where on!} 1 do tin* desirable 
condition# prevail of immerous organisms, IV**** in-ration and 
(•stirring of tin*. Hoil, stud nitrogenous matter easily attackable tty 
bacteria. Thin opinion in also borne t»H by the fact that the 
drain-gauge with Hoil 60 inches deep yields practically the 
name amount of nitrate hh the shallower gang** where the soil 
is only 20 inches deep. From this it follows that the nitrates 
to be found in the lower depths of the subsoil are all derived 
from the surface, and have been washed down with the min. 

It will be noticed that in most eases shown in the table the 
second 9 inches contains a larger amount of nitrates than the 
surface soil, in some instances even the third it inches are richer 
than the surface. This is merely due to the downward di# 
placement of the nitrates produced after the harvest by the 
heavy min which had fallen immediately before sampling. It 
will also be noticed that in several eases there is a break in 
continuity in the amount of nitrates between the third and fourth 
depths. Tills is probably duo to the tile drains, which lie at 
about this depth and remove the drainage water oliarged with 
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nitrates. Such a break in composition is not seen in the 
samples drawn from other fields which are not tile-drained. 

The character of the manuring applied to the surface soil is 
well seen in the amount of nitrates in the subsoil; for example. 
Plots 5, 6, 7, 8 form a series, all getting the same mineral 
manure, but Plot 5 has no nitrogen, while Plots 0, 7, and 8 
receive successive increments of ammonium-salts. Down to 
the depth of 9 feet the samples contain nitrogen as nitrate in 
approximately the same proportions as it is applied to the 
surface in the form of ammonium-salts. Again, the total 
amount of nitrogen as nitrate contained in the whole depth 
below Plots 6, 7, and 8, as compared with that present below 
Plot 5 receiving no nitrogen, is much t he, saint) as the quantity 
of nitrogen applied as manure less tin* amount removed in 
the crop of 1893. 


Table LX XIX.- . Nit mum, lh. ?„r «nr, 1MK!. 


Plot. 


a. 
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m. 

As Nitrate in Soil to depth of 90 inches . j 
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Nitrogen in Crop, excess over Plot 5 . . j 
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Thus we have evidence that practically the whole of the 
nitrogen supplied as ammonium-salts is nitrified during the 
' “season of growth of the wheat, and wliatever is not removed 
by the plant gets washed down as nitrate into the subsoil, and 
may be either intercepted by the tile drainage, if any, or find 
its way into the general stock of underground water. Just in 
the same way the nitrate supplied to Plot 13 in excess of the 
requirements of the plant gets also washed down to a consider¬ 
able depth in the subsoil. 

The large quantity of deep-seated nitrate shown in the 
analyses is no longer available for crops on the Rothamsted 

p 
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soil, probably because tin* closeness of texture permits but 
little capillary movement of water to take place. Thin we 
learn from tins comparison of the yields* on Plot a, receiving 
minerals but no nitrogen every year, and on I*1**1 17 or l*. 
which receives alternately minerals and ammonium-salts. As 
has already been pointed out (p. HI), in the years this plot 
17 or IB receives minerals but no nitrogen, its crop sinks 
almost exactly to tin; level of the crop on Plot a, although if 
had received 86 lb. of nitrogen as ammonium-salts the year 
before. Clearly, then, on the Hothamsted soil ammonium salts 
are not retained as such for more than the season of nppliea 
tion, nor are the nitrates resulting from them able to return to 
the surface to hied the succeeding crop. On other soil?, of 
hotter texture for allowing the movements of water by eapil 
larity there can he no doubt that, the nitrates in the subsoil 
water will return to the surface and he of service to the crop. 

It must not he supposed, however, that, dressings of 
manures like nitrate of soda and sulphate of ammonia, which so 
readily wash away as nitrates, are entirely without action on 
the succeeding crops. Because of th« very fact that they cau*c 
a largo growth, there is left behind in the soil a corn* 
spondingly large development, of root and stubble, which will 
decay for the benefit of succeeding crops. Especially is this 
the case where some considerable proportion of the crop grown 
is not harvested, hut is returned at once to the land, as is done, 
for example, with the leaves of mangels or the haulm of 
potatoes. A striking example is seen at Kothamsted, on the 
plots which grew potatoes for twenty-six years, from 1876 to 
1901, and were then sown with Istrley without further manuring. 

Table LXXX. shows the total produce (grain ami straw) 
of the first and second crops (lairley) and the third crop (oats), 
after the manuring had been discontinued. 

It will be seen that the change from potatoes to barley was 
followed by enormous crops of grain wherever nitrogenous 
manure has been used for the potatoes; toe two plots which 
had previously been dunged gave over 70 bushels of grain per 
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acre; the four plots which had received nitrogen as either 
nitrate of soda or ammonium-salts gave somewhat less, but 
still over 60 bushels ; while the four plots without nitrogen in 


Table LXXX. — Total proueed without Manure, following Potatoes 
manured for 26 years. 




Lb. per acre. 

Plot. 

Manure applied to tlie Potatoes, 1870-1901. 

Barley. 

Oats. 



3902. 

1903. 

1904. 

1 

Unmanured. 

3602 

1063 

2331 

2 

Unmanured, 1882 and since, previously Dung 

3804 

1836 

2129 

3 

Dung alone, 1883 and since. 

9024 

6030 

5492 

4 

Dung alone, 1883 and since. 

9072 

5937 

5974 

5 

86 lb. N. as Ammonium-salts .... 

6981 

2066 

2211 

6 

86 lb. N. as Sodium Nitrate. 

7692 

1934 

2236 

7 

86 lb. N. as Ammonium-salts d- Minerals 

7792 

3207 

3024 

8 

86 lb. N. as Sodium Nitrate + Minerals . 

8253 

3187 

3045 

9 

10 

Superphosphate only. 

Complete Minerals. 

3720 

2953 

i 

1617 

1586 

2089 

2056 


previous years gave between 25 and 35 bushels. In the 
following season these differences were still to be seen, and the 
leading position of the previously dunged plots was naturally 
more manifest than ever; while in the third season (oats) after 
the manuring had been discontinued, the order of the plots 
remained the Same, although only the dunged plots now grew 
a large crop. 

That the increase on the plots which had previously 
received nitrate of soda or ammonium-salts was due to 
crop residues rather than to the return of nitrates derived 
from the manure and stored in the subsoil, is probable from 
the superiority of the crops on Plots 7 and 8, where minerals 
had accompanied the nitrogenous manures, over Plots 5 and 
6, where the same nitrogenous manures had been used alone. 
When residues are being cropped out, the size of the cereal 
crop grown is almost wholly determined by the available 
nitrogenous supply, and Plots 7 and 8, which formerly grew the 
larger crops of potatoes, give better yields than Plots 5 and 6, 
although they had initially the same supply of nitrogen. On 
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the other hand, die rapid decline in the production of Riot* 
f>, t>, 7, and 8, following the discontinuance of the manure, j* 
more consistent with the existence of a residue of* nitrate 
rather than of slowly-decaying organic material derived from 
the haulm of the potatoes. 

Soil samples down ton depth of .six times {» inches were 
taken from some of’these plots in February lfMKt, after the first 
barley crop had been removed. The following table shows the 
average figures obtained. 
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In this ease the samples were taken in the early spring after 
a winter of fair rainfall, which had distributed the nitrate* 
throughout the soil; the total, however, present in the first six 
depths roughly eorrcHponds to the variations in the barley crop 
of 11)00 which followed. 

One striking fact in connection with these and similar 
determinations, is the absence of any latent 1 diffusion of the 
nitrates in the subsoil water beneath tin* plots. The Broadlatlk 
wheat plots, for example, are comparatively narrow, Mug about 
7 yards in breadth, separated by piths of 4 feet in width. Yet, 
as is seen in Table LXXVIII., Riot 5, which receive* no 
nitrogen, shows no trace of the influx of nitrates hy diffusion 
front the much richer subsoil water Inflow the immediately 
contiguous Plot 0, even down to the depth of 0 fcet. Just 
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iu the* sanu• way the amount of nitrates present at each depth 
in tin* subsoil water below Huts 0, 7, and H, is perfectly 
distinct and characteristic of tI n* manuring applied to the 
surface. 

Additional e\ identic of the lack of lateral diffusion of the 
nitrates in the soil water is to he seen in the permanent grass 
plots; although no {with separates the plots receiving nitrate of 
soda from the neighbouring plots, the characteristic vegetation 
induced by the nitrate of soda manuring shows no tendency to 
stray across the division line. For example, Hot 14, receiving 
a complete manure containing f>.*>0 lb. per acre of nitrate of 
soda, is immediately contiguous to Hot 1, receiving nitrogen 
only as ammonium silts ; the vegetation on the two plots is in 
market 1 contrast, yet the dividing line is singularly sharp, mid, 
despite the many year-' Hot 14 has rereived this large dressing 
of nitrate of soda, there is not the least sign of its diffusion into 
the subsoil below the adjoining plot. 

V. Tttr Nnevits tv ftiurvon: Wvri-m 

The processes of nitri(lent ion iu soils ran also be studied bv 
the examination of the drainage water beneath cultivated laud. 
It has long been known that all the soluble eomjmtmd* of 
nitrogen are retained by the soil with the exception of the 
nit rate*, hence an examination of tin* amount of nitrates 
present in the water reaching the drains will throw light outlie 
rate at which filtrates are produced in the soil, and on their 
ultimate fate. 

At Kothaiiisfed the wnfer which percolates through the 
drain-gauges is stored, and the nitrates are regularly determined 
in proportionate wimple* representing the iwrcolation for the 
month. Them* results have Ittten combined for twenty-nix y«twt» 
1*7* I MW, and the atcrago* arc net out in the accompanying 
curves (Fig. 4a), which show the rainfall, the percolation in 
inches through 20 inches of lairu noil, the concentration of the 
percolating water in part a of nitric nitrogen ptr million, and the 
total amount of nitric nitrogen reduced to lb, j*»»r acre. 
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Neither the percolation nor the total quantity of nitrogen 
removed differ much for the 40-ineh and the 00 inch gauge*; hut 
owing to the greater amount of water retained hy the deeper 
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sail tire drainage from the 00-inch gauge in more uniform in 
concentration throughout the year, the main discharge also 
comes a little later in the year. 

Inspection of the curves shows how great is the variation 
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from month to month in both the concentration of the drainage 
water and the loss of nitrate. The concentration is at its 
lowest in February, a time of year when the soil is still at a 
very low temperature and has been thoroughly washed by 
the winter’s rains. In April the concentration has increased 
but little, and this combined with a smaller percolation 
results in the minimum loss of nitrates for the year in 
this month. The rise in concentration is still slow until 
July, when there is a considerable jump, the concentration 
reaching its maximum in September. The maximum loss 
of nitrates comes as soon after this point as the rain¬ 
fall is abundant enough to wash through the soil; on the 
average the greatest annual loss of nitrates takes place in 
November, from which time onwards both concentration 
and total loss diminish. All these results refer to soil 
which is kept bare and uncropped, where in consequence 
the percolation is at a maximum, and where also there 
are no growing crops to take up the nitrates as they are 
produced. The effects to be seen under more ordinary condi¬ 
tions can be followed in the analyses of the drainage waters 
from the Broadbalk wheat field, under each plot of which runs 
a tile drain at a depth of from 2 feet to 2 feet 6 inches. These 
drains all debouch into a cross trench at the bottom of the field, 
and a record is kept of the occasions upon which there is any 
flow from the drains. Determinations of the nitrates contained 
in the waters are also made, but as it is impossible to with¬ 
draw an aliquot sample of the whole flow of the drain, and as 
also during any particular running the concentration is always 
changing, the earlier discharge being sometimes stronger and 
sometimes weaker than the later, it is impossible to make any 
exact account of the quantity of nitrogen removed by each 
drain. By combining, however, the results obtained over the 
whole period of the determinations, an approximate idea of the 
concentration of the discharge will be obtained. Other con¬ 
siderations lead one to suppose that the discharge from the 
drains does not represent, either in quantity or concentration, 








NITKI Kl< WT10N 


242 

the water that may he supposed t«» pans into the subsoil at the 
depth of the drain. The results however, are probably com¬ 
paratively true from plot to plot. 

Table LXXX11. shows the average concentration of the 
nitrates in the drainage water from four of the wheat plots, and 
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Table LXXXfll, the average number of days in each month 
on which the drains of the same plots run. 
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Considering first the unntanttred plot, but little drainage 
takes place during the summer months. May to August, because 
of the drying action of the crop upon the land. At the same 
time the concentration of such water as does find it* way 
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through into tin* drain is very low, mi thoroughly have tin* 
nitrate's horn removed by the* growing crop. J'Yom September 
onwards, however, to February, the* concentration of the water 
is eonijiamtively high, and as the* drains Login to run freely 
<luring this when the* crop is off the* ground, groat losses 

eef nit rat o are* likely to occur. Nitrification go os on throughout 
the* winter; ovon in years whe*n the* rainfall of the* e*ariv autumn 
is so excessive as to wash the* soil ole*an e»f all nitride's pl*e»eltte*«**I 
during the* first nit ri float ion following the* roniovui of tin* oreep, 
yet fre*sh nitrate's ;ire* still pr< mI tit***«I in oonsid«*ml»l«' eptiintity, 
and find the*ir way into tin* drains in De*i*i*udte*r une! January. 
Nothing, in fin-t, short of the* ahs«Jute freezing e»f the grotnnl 
stops the production of nit rate and its e*<>u,w*<|ucnt loss when 
e*ve*r the* rainfall i** he.eey enough f*e wash through into the 
Hlhsoil. 

t If tin* results obtained on tin* drainage* wafi'r from the 
manured plots he examined, it will h«* wen that nitrification 
of manure’s like ammonium salts is extremely rapid ; if tlo*re* is 
any pcreolattun. nitrates begin t«» appear in the etminage water 
immediately after tin* appliralion of tin* mamire*. Even in 
autumn an application of ammonium wilts is oouvortod into 
nitrate in a vory «h*»rt time*, as may 1»<* m*c» from the* following 
w*rios of analyses of the water miming from the drain helow Blot 
la. in ilotniter 1**0. 

On October goth of that year, mixed nn»tiititn»iiii*«iiltt* ron- 
mining mi| lb, of nitrogen and 1 lit lb, of chloritit* per acre 
were applied to I Mot i»'» and ploughed in. Heavy rain followed, 
ho tlittl on October 27th i he drain beneath the plot win* 
running; oilier rain fell at short, ifileri’iiln, and yielded the 
scries of km tuple* #es out in the table. It will be not joed 
that in the first rtmtitng*, taken within forty hours of the 
application of the manure, Home ammonia wim to be futitul. 
This is a very execj*Ji*»n«! omirrrneo, hut she largo excess hi 
which the chlorine w*»* prewuit in the water atioxved tliat the 
decomposition of tin? ammonium t*li!ortdti and retention of 
the ammonia. hy the ***il had progressed ronaiderahly, 
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Nitrification had also set in, since the earliest running eon 
tainod ncarlv twice ns much nitric nitrogen ns was found in 
the sample taken a fortnight earlier, before the application 
of the manure. The proportion of nitrate continued to 
increase, and reached its maximum in the discharge three 
weeks later, by which time the nitrif Seat ion of the atmnouium 
salts nmst have been far advanced towards its completion, 
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The last column of the Table shows tin? relation between 
the nitric nitrogen and the chlorine in the drainage water. 
The chlorine is derived from the ammonium-salts of tin* 
manure, and as it is in no way retained by the soil its 
appearance in the drainage indicates the movements of 
soluble salts in the soil indojxmdently of the production of 
nitrates. In the earlier runnings the chlorine was present in 
great excess, being immediately derive* 1 from the manure; in 
the later months the proportion fell as it became washed out, 
and by Decemlter it had again reached the, normal level it 
had showed before the manure was put on. Meantime the 
proportion of nitrate was being maintained by constant nitri¬ 
fication in the soil, so that the ratio of nitric nitrogen to 
chlorine in the drainage water rose rapidly towards the end 
of the winter. 

When ammonium-salts are applied as a top-dressing In the 
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as is now more generally the case, the losses of nitrates 
3i*y much reduced; not only is the temperature of the soil 
3 so that nitrification takes place more slowly, but the 
ng crop both diminishes the percolation and takes up the 
es as fast as they are produced. The figures, however, 
lot 7 and Plot 9, Table LXXXII., show some rise in the 
mtration of the drainage water in the early spring, follow- 
application of manure. 

y combining the figures obtained for the concentration of 
matter flowing from the Broadbalk field drains with the 
Jits of water percolating through the drain-gauge con¬ 
ig 60 inches of bare soil (see p. 22), an estimate can 

mE LXXXV .—Nitric Nitrogen in Drainage Water. Zb. per acre. 



1871 

-80. 

1880-81. 

Manuring per acre. 

Spring 

Mowing 

to 

Harvest 

to 

Spring 

Spring 

Mowing 

to 

Harvest 

to 

Spring 


Harvest. 

Mowing. 

Harvest. 

Sowing. 

U raraanured. 

1*7 

10-8 

0*6 

17*1 

Minerals only. 

1-6 

13*3 

0*7 

17*7 

Minerals+ 200 lb. Ammonium-salts . 

10*1 

12*6 

2*2 

19*8 

Do. + 400 lb. do. ... 

18*3 

12*6 

4*3 

21*4 

Do. +550 lb. Nitrate of Soda . 

45*0 

15*6 

15*0 

41*0 

400 lb. Ammonium-salts alone. 

42*9 

14*3 

7*4 

35 -2 

400 lb. do. + Superphosphate . 

400 lb. do. do. and Sulph. Soda 

28*3 

17*7 

3*4 

29'6 

21*2 

17*5 

3*3 

27’2 

400 lb. do. do. and Sulph. Pot. 

19*0 

16*4 

3*7 

25*3 

400 lb. Jib. do. and Sulph. Mag. 

Minerals + 400 lb. Aram.-salts in Autumn 

26*0 

16*8 

4*2 

25*9 

9*6 

59*9 

[ 3*4 

74*9 

Estimated Drainage—Inches 

11*1 

4*7 

j 1*8 

18*8 


>i*med of the losses to the land by drainage under each 
m of manuring, an estimate rendered erroneous because 
ies not take into account the drying effect of the crop, 
ever, the figures thus obtained, though imperfect, are 
active, and are set out in Table LXXXY. for two years, 
divided into two periods: first, from the date of sowing 
nitrogenous manures up to harvest; secondly, from harvest 
d again to the sowing of the manures in spring. 

, v he seasons were rather exceptional, the summer rainfall 
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and drainage in IH70 and the winter rainfall in the f< 
year being both above the average. It will be wen I 
loss was greatest from Plot St, receiving bat) lb. of nitrate 
and this excess of loss was chiefly in the summer * 
water: the figures are, however, exaggerated by the f 
half the, nitrate plot received no mineral manures, and f 
grew but a scanty crop. Tin: losses during the winter 
are more nearly the same for all plots, and represent t* 
degree the nitrification of the organic residues in flu* so 
losses from the plots receiving minerals and varying am 
ammonium-salts (Plots f», d, and 7) increased with each 
tion of nitrogen; the losses from the plots receiving a 
and various mineral immures (Plots 10, II, 1*2, 10, 
diminished as the mineral manure heeame a more « 


removed more of the nitrate 
hindering nitrification by dryi 



even in t 


source of nitrogen than usual. Again 
especially wheat, are specially depend* 
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Their growth is almost completed before nitrification 
ed its greatest activity (from flowering time onwards 
,1s take no more nitrogen from the soil), and being 
l in August or early September, they leave the ground 
, time of rapid nitrate formation, thus exposing it to 
sks of washing away by the autumnal rains. 


—Other Constituents of Drainage Waters. 

)lete analyses of the mineral constituents of the waters 
from the various Broadbalk plots were made at various 
the late Dr Voelcker and by Sir Edward Frankland; 
dyses still constitute almost our only information as to 
ises of the land by drainage. 

: LXXXYI. gives an average of the five analyses 
ring the years 1866, 1867, and 1868. 


XXVI .—Composition of Drainage Waters from the Broadbalk 
t Plots, in parts per million {Dr A. Voelcker). Mean of five {or 
1 Collections—December 6, 1866; May 21, 1867; January 13, 
21, and December 29, 1868. 










Nitrogen a« 









*s 

Soluble Silica. 



o l 


tu 

a 

3 

ei 

1 

1 

a 

1 

s 

a 

1 

Chlorine. 

Sulphuric Ac 

•< 

o 

I 

•a 

s 

s 

.S 

*5 

© 

2 

< 

a 

1 

i sj 

►— <cfa 
j?OQ 

« r O 
a c 

9 eS 

Total 

Solid Mattel 

147-4 

4*9 

5-4 

18*7 

20*7 

106*1 


35-7 

0*10 

10*1 

77*4 

476-1 

98 

5*1 

1*7 

0*0 

10-7 

24*7 

0*03 

10*9 

0*12 

8*9 

67-7 

240*4 

124*3 

0*4 

5*4 

11*7 

11*1 

00*8 

0*91 

15*4 

0*18 

5*1 

00*1 

820*0 

143*9 

7*9 

4*4 

10*7 

20*7 

78*8 

1*54 

24-7 

0*20 

8*5 

84*6 

407-0 

181*4 

8*3 

2*9 ! 

10*9 

20*1 

90*1 

0*91 i 

17*0 

0*07 

14*0 

92*0 

492*4 

197*3 

8*9 1 

2*7 j 

10*0 

39*4 

89*7 

0*17 

20*9 

0*27 

10*9 

110*7 

548-4 

118*1 

5*9 

4*1 

50*1 

12*0 

41*0 


10*6 

0*24 

18*4 

99*7 

428*9 

154*1 

7*4 

1*9 

7*1 

32-0 

44*4 

1*44 

18*7 

0*08 

18*9 

87*0 

400*9 

165*6 j 

7*3 

1*0 

0*0 

81*0 

54*8 

1*00 

11*8 

0*17 

15*3 

88*9 

425-9 

191*6 ! 

0*0 

2*7 

24*0 

30*9 

96*7 

1*20 

17-9 

0*80 

15*1 

90*6 

630*9 

201*4 

9*3 

3*8 

6*1 

30*0 

80*9 

1*09 

28*8 

0*10 

17*4 

100*1 

544*3 

220*7 

11*0 

1*0 

5*0 

89*4 

99*7 

1*01 

14*0 

0*09 

19*2 

121*0 

598-0 

201*1 

7*9 

5*3 

14*8 

24*0 

123*9 

1*54 

22*1 

0*11 

24*2 

87*0 

585-3 

117*1 

5*8 

2*4 

5*1 

11*4 

21*9 

0*91 

17*0 

0*09 

7*0 

75*4 

280-7 


egards constituents of manurial value, it has already 
ted that practically no nitrogenous compounds occur 
age water except the nitrates; phosphoric acid is 
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uIbo present in but Hinall amounts, even in the plots receiving 
a great annual excess of this .substance, while potash was 
found in slightly greater quantities. The mean annual lo>s, 
however, cannot be estimated at more than about 2 lb. of 
phosphoric acid and 10 lb. of potash per acre, both of whieh 
in normal eases would be arrested in the subsoil below tin* 
drains. Dr Bernard Dyer’s analyses of the Bothams!ed soils 
and subsoils would also indicate that all tin* excess of phos- 
phoric acid, applied as’a manure and not removed in tin* 
crop, still remains in the soil very near the, surface, the potash 
having sunk a little further, and being present to some degree 
in the third depth of 9 inches below the surface. 

The chief constituent of the drainage water from flu* 
uunmmtred plots consists of calcium carla mate, the amount of 
whieh is increased in the water from the dunged plot, owing to 
the greater production of carbonic acid from the decay of the 
dung and crop residues. Where ammonium-salts like tie* 
sulphate and chloride are applied as a manure the soil suffer* a 
great loss of calcium carbonate, the calcium being removed in 
the drainage water combined with the sulphuric* or hydrochloric 
acid of the manure. This reaction is the necessary precedent 
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soil taken at various intervals between 1 K05 and 1004 indicate 
that on the umnanured plots the normal loss of calcium 
carbonate in the drainage water amounts to about 1000 lbs. 
per acre. When ammonium-salts are used an a manure, the 
loss is increased by the amount required to combine with the 
combined nckl in tins manure*. The calcium carbonate, bow* 
ever, which is required for nitrification, gets returned to the 
soil by the growth of the plant itself, and by tin; decay of 
calcium comp*muds in the crop residues, 

”4 In Xitritiriif if*n " (IL IVariiigtoit). Tmnx, ( hrm, Sm\ » 38 (l 41, 

“Clii N’itrifiraltmi/' Pari II. > H. IVitriiigtoti), Tranx, ('hem* .SW, f SB (1K79). 

4;fV 

"Of* Xiinftrufiriii " l%tri 11J. |II. %\ nrm%Um}< Tmm* Chvm, «SV#\, 46 
037, 

*» I In llir p*( llir Sttrifying i hgmnimm In tilt* Hull** (K, WnrhigUm), 

Tw#*< 4 r hrm, A#* .»§>! f!» % J* I |h, 

•*fl« l # iirl IV, (If, tV*riiigtott)» Tmm, i*hrm . Sor,, 6© (iBffl)* 

§Mf„ 

"On llir 1 H4*i4i4l rtiiil (Viiijjtmtiffin #if llir Minn atirl Driiliiiigi* Wiiirri* rol* 
h*tol 4l K«4h#fM*trj|." Jtmr, Hoy, J$ t Stn% 9 42 (IHHI 241 nttdl 311; 
»in?l 43 »J i* I MemmfM § Vt#L V*» No. JH, 
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III. The Sourer of Fat In the Animal Body. 
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Fattening. 

VI. The Manure Value of Food*. 

VI L Miscellaneous Feeding Experiment**. 

Reference*. 

I, -Ei-xativk Valfk of XmwMiKNorh am* XoN-xiTitiMJF.xorh 
( ’oNKTITlFN'TS OF Foo|>. 

At the dates of the inception of tin* Rothuiusted Experiments 
even less wan known about tin; lawn of the nutrition of animals 
than of cropM, though the question had excited more interest on 
the Continent than in Kneiand. Hero attention had hotoi tit flu* 
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values " may be instanced ; in fHOSi he published a table of all 
the recognised rattle foods, ranged in order and marked to .show 
how mueh of each was equivalent to 100 parts of hay taken as 
a standard. Timer’s hay values were based parity on his own 
experience as a praetieal man and {tartly on attempts, very 
imperfect in the then state of chemical knowledge, to estimate 
by analysis the nutritive constituents of the foods. Boussinga nit's 
investigations were the earliest serious attempts to apply scien¬ 
tific principles to the feeding of animals; tin* importance of the 
nitrogenous constituents of food had now become clear, so his 
first work consisted in determining the proportion of nitrogen 
present in a large number of feeding materials. (Jareful 
practical triaU Mere then made with a few selected foods, and 
a* a result he published a revised table of hay values, based on 
tic amount of nitrogen tin- foods contained, and cheeked to 
«ome extent by his practical experience. His experiments Its! 
Boussingault to bring into prominence the non-nitrogations 
constituent» of food, but iu general his conclusions were that, 
the comptrntivc values of food stuffs are determined rather by 
their nit tog. units than by their non nitrogenous eonsfituents. 
In this object Boussingauit's was the pioneer work, and 
Liebig, who in many respect•• must be regarded as the 
originator of any general theory of animal nutrition, in the 
main at lived at his deduction* from Boussingault's results. 
Liebig aLo, and jierhap* even more strongly than Boussingattlt, 
looked »*t tin* nitrogenous matter as the must important 
constituent of food for the prmjuetiou of both increase mid of 
work. 

In till# petition was the science of animal nutrition when 
laww and Hilbert began their ettpeHmenfit on feeding, anti 
naturally the direction their experiments tt*»k wits mainly 
determined by the view's then prevailing. The most, notable 
eliaroeferistic of the ILitlwMiwtol experiments on animals was 
that from the first they were concerned with animals increasing 
in weight rather than with animals whose focal rations were 
adjusted to maintain them in » constant condition. The 
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practical side was thus pmmim'iit ; they w<*n* trying to give a 
scientific basis t<t the uork of the grazier l»y ascertaining to 
what source the increased weight of an animal wan due. and 
how it might 1 m* proihtceil most rapidly and economically, 

The first set of feci liny experiments at KuthatnsJed dealt 
with the relation between food eotJMIliied and live weight 
increase produced. Selected pens of the various animals were 
fed upon specified rations of different foods, one of which was 
always fed nd lihitttm , so that the exact composition of tin* 
ultimate ration was determined by the animal itself. The 
nitrogen am 1 dry matter in the food was determined, and the 
weight, of manure produced both in a fresh and dry eondition 
was ascertained, In all, about 000 sheep were employed in 
the experiment*, 100 pigs, and if00 oxen, many of the latter 
being fattened on the Duke of Bedford’# farm at Wolmrn. 
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when once the necessary minimum of nitrogenous matter in the 
ration had been passed. The rations fed to the various Iota of 
pig.s were so arranged as to supply very different proportions 
of nitrogenous and starchy food. In some eases the focal was 
mainh highly nitrogenous bean or lentil meal, in others very 
starchy barley meal or maize was employed : in another set 



Fit** $4 I kf MmUrf &it**taiK**' wmmmml §irr fw Hi, Live* wright 

$mt mmk* E%$, 

it Urmi #ml lentil |fr#I* mi If#, 

if< ttr*h limilnl ffonn »i$#| Ijrittfl ||r*i t ml If#, 

I, itaut Mid I Mill H«iJ* limlfttvt* Main* Mmh &*• 

4 iffnit, ImmI?*!* Slaw Mml» t$4 1#, 

I, llwfef MM, md 114 

4 MM* Mml> ml 1*4 

of experiments, mstual fftfurch or sugar wan added to the 
rations. In all mscii the pip hod mi ad lihilwn supply of one 
food or other, no that they could regulate the amount and to 
some extent the compoaition of their diet 
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The liingrnmH, Kit's, 4 <5 and 47, show, from some of these 
results obtained with pips the amount of dry orpmie matter 
required to produce 100 lb. of increase, and also the proportion 
of it which cun he reckoned as nitrogenous matter. 

It. will he seen from these diagrams that, speaking broadly, 
neither the atimmil of dry food stuff required for maintennuee 



tjJC'JT3 Nitro|«nou» Men*»!■ d r* +* +- |r», 

Ffci. 47,--KltrogeikOiui and N<4ii-nIlKifcfi»iii Matter In Viml required to pfiitliire 
IOO III, Llw-welfl’il Itu'reniw*. PI#*, 

L Bean am! Lentil Meal, mi IJ4 

2. Maize Meat, limited, Bean mud lentil Meal, ml lilt 

3. limn mi lentil Meal, limited. Malm MmU mi Hh, 

4, Bran, limited* Main* Meal, ml Mh. 

5, Barley Meal, ad lik 
0. Mala? Meal* ml Uk 
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nitrogenous organic matter, hi other worths, the non-nitrogenous 
compounds are the main items to hr taken into account in 
making up tin* value of a cattle food, which value cannot be 
estimated tin a basis of its nitrogen content only. 

H. Relation of NtTuotiKNot s Fooi> 'm Work. 

The very special importance that was originally attached to 
the nitrogenous constituents of foot 1 was also seen in t ho views of 
Liebig with regard to the source of tin* work, either external or 
internal, performed bv an animal. He put forward tho view 
that the amount of work done was determined by the amount 
of nitrogenous material transformed in the body, and therefore 
that it could be measured by the amount of nitrogen appearing 
in the urine, since the albuminoids and other nitrogen com¬ 
pounds in food which are digested and undergo change in 
the animal are excreted as urea. I^iwes and Hilbert, by their 
studies of human dietaries, were led to conclude that this 
\iew was mistaken, and that the fats and carbohydrates, 
which are oxidised and leave the body in the respiration 
product*, supply the energy for the work performed in and 
by the hodv, Two experiments with pigs, carried out in 1854 
and respectively, were adduced a.s further evidence. The 

pigs were confined in a frame ; the nitrogen in the food and the 
nitrogen excreted in urine and fieecs respectively were 
determined. Tie* food wan so adjusted that one pig received 
about twtee a h unieh nitrogen ns the other (Table LXXX VII,). 

The animals were obviously under equal conditions as 
regards exercise, both being at rest, yet in each experiment, feha 
animal receiving the highly nitrogenous diet excreted rather 
more than twice as much nitrogen as urea, Tints the amount 
of nitrogen in the mine, which measures the amount of 
albuminoids oxidbed, could hardly be taken as a measure of 
the amount of work jterfortnrd by the respective animals. 

The question wits allerwards systematically attacked in 
various directions by other investigators, and direet proof 
was obtained tlmf the energy required to carry on work is 
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derived from I ho oxidation of tin* food n mstitueuts, oithor 
albuminoids, fats, or carbohydrate* being available for ihe 
purpose, though as a rule the two latter are utilised. I h»* 


TaiiLE LXX X VII. Jirpt rirnt tihi <ti JlvthnmMnl mth /4'p in lH*>t m*l 

(fwmtiih'fi pr Jir<nf pv 


V*’U<A. 

I 

„:v 

D .»< < ■ 

VI* J'**-:* 


Jmm fit Auffuirt 1 

ifti. 



Days. 


it'.mn 


'< )■*%■' i 5 


No, t» I A*ntit Mml 

V*Wi 



2 

No, % llartef Meet 


41 


10 

No. I, Ij?ii 1II Mml 


lil’O 

! 

m 

Nib % Hurley Mml 


4;M 



Atijifijft to 1^11 


! 

. 10 

j No, 1, Hurley end Bmn 

41*4 

48'*« 

tm j 

" 10 

i No* *i, Bmn* tttid Hren * 

*1*1*11 

l|H! 

ii *i ] 

A 

No, L Ifnrlry mitt limit 

W*% 


24*1 


No, % Bmm anil Emn , 

H'l'U 

11*1-11 

41*4 

amount of energy obtainable from 

each 

food mm 

lie* dimtfjy 


measured by the heat it will generate when burnt, and provided 
the animal receives enough nitrogenous material to repair the 
normal waste of tissue, the energy required to do work ean be 
wholly derived from the combustion of non-nitrogemmK 
materials. However, when the output of work has to be rapid 
and at high pressure, it has horn found advisable to include a 
feMy high proportion of easily digestible and concentrated 
albuminoids in the food; as Lawes and Gilbert put it in 
“a somewhat concentrated supply of nitrogen does, however, 
in soiqe cdses, seem to he required when the system is over¬ 
taxed.” 

Ill— The Source of Fat in the Animal Boi>v. 

' The source of the fat stored up in animals, or given out as 
milk, was also for a long time a matter of considerable contro- 
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'sy. It was clear that the fat supplied in the food was in 
my cases, especially with herbivora, insufficient to supply all 
3 fat produced by the animal, and though Liebig on general 
ounds argued that the starch, sugar, and other carbohydrates 
the food could be elaborated into fat, for some time the view 
is held that the extra fat could only come from the trans- 
rmation of albuminoids. This view was strongly opposed by 
iwes and Gilbert, whose experiments upon the fattening of 
gs showed that the animals put on far more fat than could be 
ade up from the whole of the fat and albuminoids in the foods, 
o take one example, pigs were fed upon maize meal or barley 
eal ad lib., with the following results:— 


Table LXXXVIII. 



Maize 

Meal. 

Barley- 

Meal. 

Slumber of Animals. 

Duration of Experiment.Weeks 

Original Live weight per head.Lb. 

Increase in Live Weight.Lb. 

3 

8 

144 

73 

3 

8 

149 

97 

Per 100 increase in Live Weight. 

(1) Albuminoids in Food. 

(2) Albuminoids in increased Live Weight. 

(S) Leaving Albuminoids available for Fat Formation 

(4) Fat in increased Live Weight. 

(5) Fat in Food.. 

(0) Fat formed during the Experiment. 

Carbon in Fat formed (0) . 

Carbon in Food Albuminoids (3), less Carbon excreted in Urea . 

Carbon in Fat formed during Experiment, not derivable from Fat or 
Albuminoid.> • • 

Relation of last item to the Carbon of Fat formed during the Experiment 

57 

5*3 

. 64 

6*5 

” 51 ¥ 

57*5 

79'0 
26-3 

71-2 

12-4 

52-7 

58*8 

<P ^ 
O rtf 

'1 

r. . — 

45-3 

* £7*4 ^ 

15*9 

JL7-9 

*89-2% 

*9-8% 




Thus, after crediting the fat put on by the animal during the 
experiment with the whole of the fat in the food, and with the 
maximum that could by any possibility he generated out of4he 
albuminoids in the food, there still remains about 40 per cent. 
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of the fat fun nod which could only hint* conn* from earbo 
hydrates in the food. Similar lull less decisive evidence was 
adduced from the sheep feeding experiments, and the view 
which Lawes and Gilbert umintaim*d on these grounds has 
since heen amply confirmed by the experiment* of Kuhn and 
others. 


IV. Relation of Fooi* Conm mi o to Lm, Wi imii 

1NCUKASK. 

Taking the ordinary foods available on the farm, l si we* and 
Gilbert found that oxen, sheep, and pigs dithered givatly in 
their powers of consuming food, and in the rate at which their 
live weights would increase, 1 hiring the whole fattening period 
oxen will consume per 1000 lb. of live weight 120 to 150 lb. of 
dry food per week (e.g., in the e.xjtoriments, 25 11*. cake, 00 lb. 
clover hay, and 2f>0 lh. Swedes), and should produce about 10 
lb. live weight increase per week. Sheep, per 1000 lb. live 
weight, will consume in the same time aland 150-100 11*. of dry 
food (44 lh, cake, 52 lb. clover hay, and 70 lb. Swedes) for a 
production of 17-18 lh, increase per week. The same live 
weight of pigs, consuming 260-280 lb. of dry food (200 lb, barley 
meal), will produce 50-60 lb. inerwtse. 

These results may he expressed in a table as follows ; 



Those estimates, drawn up front a very large number of 
trials carried out in the ordinary wav of fanning, have been 
generally verified by the later exact work of flu* German exjteri - 
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mentors. if allowance he mu«!<* fur the sujHTiur fattening 
qualities of tin* Kngiish .stock. Probably nt the present day 
itoth the estimates of the amount of food required per diem and 
flu* rate of increase .should he raised, heeau.se of the improve 
meats that have been effected in the breeds of our sheep and 
(“attic. Tin* modern farm animal is in fact a more ellieient meat 
producing machine than it was fifty years ago, capable of 
dealing with more food and of growing more rapidly to 
maturity, thus shortening the time during which food has to he 
consumed for purposes of purt* maintenance only. It is in this 
direction that new experiments and additional data are generally 
needed, for we know nothing of the relative capacities of 
modern breeds of farm animals as meat producers or of their 
digestive powers for various foods. Due economy itt feeding is 
ouh pos ibh* if the practical mau can check his opinions by 
reference from time to time to exact determinations of the re¬ 
quirement* of different animals at various stages of their growl h. 

t ttle i'H of the pig experiments showed how much less of 
the {.mid b mili-ed for increase as the fattening advances, 
parti) because as the animal increases in size it consumes more 
food for purpose-, of warmth and internal work than before, 
j tartly abo because the increase made during the latter jieriod is 
mote fatty and therefore drier than in the earlier stages. 

The following table shows the rates of increase of pigs fed 
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For this purpose the following animals were selected a fat 
calf, a half-fat and a fat ox; a fat lamb, a store aheap, three 
others in the half-fat, fat, ami very fat condition ; a store ami a 
fat pig. These animals after slaughter w ere carefully divided, 
and the weights of the carcass and different parts of the offil 
were determined. Afterwards the proportions of water, fat, 
nitrogen, and ash in each part were determined, the composition 
of the ash of each part being determined later. A summary of 
the results is set out in Table XCI., while the diagram (Fig. 
48) shows graphically the composition of the entire animats. 
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i! is obvious that from these results a throat ileal «.f evidence 
can be obtained as to what goes on during the fattening process, 
if we can assume that the particular animals selected for 
analysis are typical of the ordinary run of live stock ami 
represent the normal change in composition of fattening 
animals. It is obvious, for example, that the fattening process 
is properly so called ; even animals in the store condition 
contain rather more fat than nitrogenous substance, but as the 
fattening process advances the proportion of fat to albuminoid 
rises until it becomes two or even three times as great. 
Of course the gross amount of albuminoid in the animal 
continues to increase somewhat, but the increase iti the fat is 
so much greater that the proportion of albuminoid in the 
finished animal has been reduced. It will be seen also that the 
fat animal contains less water than the same animal in the 
store condition; lean meat {iomhchhuh, in fact, it considerably 
higher proportion of water than fat does, so that the iteattntilit- 
tion of fat tends to reduce the proportion of water in the wind** 
hotly. 

From the figures obtained in these exjieritnentHthe eomjHisb 
tion of the live-weight increase during fattening can he deduced. 
This is set, out graphically in the diagram Fig. 4b, from which 
it will again he seen how' much of the weight put on by an 
animal during fattening is made up of fat itself. In oxen, w hen 
the fattening process begins while they an* young, as is generally 
the ease nowadays, the increase of weight will consist of about 
ono-third water and two-thirds dry substance, the latter being 
made up of about 15 per cent, of nitrogenous matter and 75-wf» 
per cent of fat. For the final fattening stage, w hen the animal 
is full grown, about three-quarters of the increase will Is* dry 
matter, containing only about. 10 per cent, of nitrogenous 
matter and 00 per cent, of fat. 

In the r 
the fatt 
alkaline 
munt of 
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than for oxon, the balance lining made up by an extra proportion 
of fat, which may amount, to 75 per cent, of the increase. In 
the ease of really fat. pigs the increase will contain about 70 per 
cent, of fat. and 7 per cent, of nitrogenous matter, being even 
less nitrogenous and more fatty than with sheep. 

These experiments on the composition of whole animal*, 
which form the. fundamental basis of our knowledge of the 
nature of the animal’s body ami of the changes taking place 
during growth and fattening have never been repeated. 


VI. ~ Tuk Mankkk Vai.kk or Foons. 

In order to form any estimate of the value of different cattle 
foods, it. is of much importance to know how far their various 
manurial constituents nitrogen, phosphoric acid, and potash 
find their way into the manure heap, and so back to the 
farm. 

In the experiments previously described it is msvn how 
small a proportion of the nitrogenous constituents of food is 
retained in the increased live weight of the animal tinring 
fattening, by far the largest portion being {Hissed undigested 
into the fieccs, or excreted as urea in the urine. When the 
animal is producing milk, however, a much larger proportion of 
the nitrogen will be removed in the milk than Is retained in 
fattening increase, and the manure made will be eormsjiorid 
ingly poorer. At the other extreme is the ease of a working , 
horse or a store beast not gaining in weight, when the whole 
of the nitrogen supplied in the food will l>e voided in the 
faeces or the urine. 

As regards the mineral matters of the food, after tlm animal 
has withdrawn a certain small probation for increase or for 
milk, the remainder must find its way into the manure; but in 
the case of the nitrogenous compounds there is always the 
possibility of loss, because some of the nitrogen may pass into 
volatile ammonia, or even into gaseous nitrogen, during the vital 
processes. 

The question of the existence of this loss was investigated 
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or,*. 

a! Kntliaiif-if‘1 itt l H .’> J with pig*, tin* animals being confined in 
a frame renting upon a duping zinc bottom. They worn w'atehed 
day and nigh? during the experimental period, and the voiding* 
wer«- <iiUeitt-il a> sotdj ;tv passed, and analysed at. regainr 
interval' for drv matter, adi, and nitrogen. The results were, 
how e\*T. in it -atislaetorv ; there was a considerable portion of 
tie* nitr*»g«'i» "f tin* food [inaeeotmted for in either the, inereuse 
of weight or in the excrements, The results seemed to kIiow 
that She Ins** wan pr<<b,ibh due to the difficulties of proper 
eollertiott and amdyd** of tin* excreta, so that the experiment 
h;o- r* pi .ited u ith greater pjveatjfions in 1 HOg. This time the 
!•>’«»**. ot nitrogen wen* mueh reduced, and when allowance was 
made tdr tie* main unavoidable >t a trees of error, the results 
uppers* d Mm id* a that tie* whole of fin* nitrogen of the food 
no* Moied up ;m inejv.i t* pawed mt'i’ info the manure. Other 
* vp'*riiu'*nt** w**remade with sheep; latt again it was impossible 
to avoid some ui**ehaui« al losses, and to eliminate the uncertainty 
dm* to hu h «<f e\ae* Knowledge of the composition of the 
animal at Me* 1" ginning and close of the experiment, 

lji»«*r ' \pi-iiinents on fin* (‘out incut have indeed set the 
point at *ev*, and shown that there is no decomposition of 
uiirogenoij* matter of the food into nitrogen gas during the 
xHal pfoeewew, hut that tin* whole of the digested nitrogen 
which i- not itijlised for increase, milk, etc,, is voided in the 
urine. 

Tin* practical rp|c»tiou which greatly occupied the attention 
of l4*wes and Gilbert was that of the manure value of the 
many purchased cattle food* commonly used in this country, 
and jwrtimtlarly tin* compensation to 1st {aihl to an outgoing 
tenant for »t»*ir consumption itt the latter years of his tenancy, 
before lie could lit itipponed to iutve obtained a return from 
thorn in the abape of the crop, lAvtm and Gilliert therefore 
prepared a table showing the composition of moat of the cattle 
foods eonmtotily itt tum, and otlculatoJ what proportion of the 
nitrogen, phosphoric add, and potash present would under 
normal condition# la* retained by fattening stock consuming the* 
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food. Thus when stock consume linseed cake. I .awes and 
■Gilbert, calculated that every 0 lb. of food produced I lb. 
increase in live weight containing 127 per cent, of nitr<>gen ; so 
that if 1 ton were consumed, out of the 100•■4 lb. of nitrogen in 
the cake the animals would retain 4 - 74 lb., and pass on to the 
manure lOl'OO lb. The same ton of linseed cake would contain 
44‘H lb. of phosphoric acid, of which the fattening animal would 
only retain 2‘21 lb., and 21 "4 !b. of potash, *4'which the animal 
would only retain 0'4 lb. 

When dealing, however, with less coiieentrated foods the 
amount required to produce I lb. of increase would be much 
greater and the toll taken by the animal of the nitrogen in the 
food would also increase. For example. 1 ton of oat straw 
contains II - 2 lb. of nitrogen, of which the animal would retain 
1*0 lb. and j«iss on IPO lb. to the manure only M d per eent, of 
that which had been fed instead of over hf> percent., as in tie* 
case of linseed cake. 

From date of this kind Isuves and Gilbert were able to 
calculate for each of the named foods the amount of nitrogen, 
phosphoric acid, and potash which would go to the manure. 
The experiments before mentioned had gone to show that there 
is no loss of nitrogen during the aetual feeding process 
However, it had been ascertained that even under tin* best 
conditions (as in the cattle--feeding experiments at Woburn 
before alluded to) there were great losses of nitrogen in making 
the dung before the. manure reached the land, these lessen being 
due in the main to the volatilisation of ammonia resulting 
from the rapid fermentation of the urea. Such losses, too, fall 
upon the urea, the most valuable jsirt of the exereta, since the 
undigested food residues in the !k*ees decay so slowly in the 
ground as to have a lower manure value. Very few data 
existed from which to determine how large these losses are 

nmlm* mvltfiamr witwltii/mu ktti I *»wna «###! 
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The compensation table they drew up allowed (I) tin* 
amount of nitrogen, phosphoric acid, and potash in the food 
itself; (2) the amount passed, by the animal niter taking out 
what it required for its own fattening increase; (tl) the value of 
this voided material at the current prices of these constituents 
in manures, or as they called it, the “ original manure value oi 
the food. They then proceeded to arrange a compensation 
table on the basis of allowing the outgoing tenant half this 
original manure value, i.e., assuming that only halt of flu* 
manure material voided by the animal would ho found by the 
incoming tenant in the manure heap he was taking over. This 
compensation value was further diminished hy one-third for 
each additional year between the date when the food was eon 
sumedand the expiration of the tenancy ; t hus tIn* componnation 
value of food consumed in the last, year of the tenancy would 
be half of the original manure value?, and it would become 
one-half less one-third of itself (or one third of the* original 
manure value) for food consumed in the second year before 
the tenancy ended, and so on by steps of one-third less for 
each earlier year. These tables wore based on the composition 
of the fattening increase as ascertained in the previous expert 
ments. Other tables were drawn up for mileh cows, which 
take a much greater toll of the food consumed. 

These compensation tables never passed into general use, 
partly because of the somewhat complex character of tie* 
argument and the long period previous to the expiration of the 
tenancy over which they allowed compensation to he claimed 
for the consumption of purchased food. They have, however, 
brought into prominence the great, errors introduced hy the 
common custom of paying half the purchase price of the food 
consumed during the last year only of the temuiey, since the 
manure value of a food is quit© independent of its food value 
and price in the market. Decorticated cotton cake, for example, 
lias the highest manure value of any substanee commonly used 
for food, yet it can be purchased more, cheaply t han linseed cake, 
which has a much lower manure value. Maize, again, however 
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valuable an a food because of the* carbohydrates and fat it. 
contains, has but a low manure value, since it is comparatively 
poor in nitrogen and ash constituents. Thus the custom ot 
paying half t.ho last year’s cake bill would result in paying too 
highly for linseed cake and maize and too little for cotton cake 
consumed on the farm. 

As an appreciation of these facts gradually spread among 
practical men in consequence of the Rothmnsted publications, 
and as recently legislation rendered it imperative to put this 
quest ion of compensation due to the outgoing tenant on a sound 
scientific basis, the matter has latterly received more attention 
from farmers and professional valuers. More data have also 
hcen accumulated as to the nature and extent of the inevitable 
losses of nit rogen in manure making, so that it has been possible 
to construct a modified version of the original coiujxmsattou 
table, which now seems to be generally accepted in principle by 
the valuers chiefly concerned. 


V LI.— MIKCKU.ANKOUK FkKWM; Exi'KrtlMF.NTS. 

The above summary by no means exhausts the many 
experiments upon animal feeding which were earned on at 
Iiotharnsteal. One set, of trials, for example, was arranged to 
test the relative values of standi ami sugar as foods, with the 
result that they were found to be sensibly equal, ns we should 
nowadays expect in the light of the equal calorific value and 
similar chemical composition of these foods. 

Other trials chiefly dealt with practical jsitnf.% as for 
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of sewage-irrigated and ordinary meadow grass, with the use of 
malted foods, with the value of ensilage ; but these will be 
dealt with separately. 

Speaking generally, these feeding experiments of Lawes and 
Gilbert, while they will not bear the exact analysis to which 
later experiments carried out in respiration chambers can be 
subjected, so that the digestibility of the foods and the portions 
which go to maintenance, increase, and work respectively can 
be ascertained, yet gave a sound general idea of the broad 
principles of animal nutrition as they affect the farmer. They 
are noteworthy for the intuition with which correct opinions of 
the general processes were deduced by statistical means from 
experiments carried out in the main under ordinary farming 
conditions, opinions which have in all cases been abundantly 
verified by later and more accurate research. 
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I, EXPKIUMKKTH IWlN .Srwaoe Junto atjox. 

From time to time the Rothamsted investigators were rolled 
ti[H>n for work dealing with various debatable ipe-Htion-* **| 
public important mom or loss connected with agrirultum. 

For example, Lawns was appointed a member of fh** Itoy.d \ 

(lommissiou which was charged in 1 K r >7 **to impure into tie* 
host mode of distributing the sewage of towns, and applying if ( 

to beneficial and profitable uses.” The applie.it ion of se\wig>* 
to land was naturally one of the subjects of enquiry, and w;o 
entrusted to a sub-committee consisting of Lawe.n and Way, 
who carried on during 1R61-04 experiments at Ibtgby on tin* 
growth of grass with and without sewage treatment, and on 
the value of the sewage-irrigated grass for feeding stork, 'fin* 
experimental station at Kotlmmsted whs much occupied with 
the superintendence of these experiments and with t he anaiyt leal 
and statistical work involved. The general eonelusion front the 
experiments was that broadcast irrigation on grass land was 
the best way of dealing with sewage, the highest, returns lining 
obtained when large quantities of sewage, as nnieh as f»00<> 
tons per acre, were employed. 

fiftt f 
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A- t<> lln* grass that grown in sewage was found to I in 
ju<»r«* wat'Tv than tin* mi *«• waged grass ; hence, of eijual weight m 
of green gives. tin* uu.seungcd produced tin* monf. increase in 
Jan ruing iBut calculated on a basis of equal weights 
of dry mat tor. tin* .srwnge irrigated grass gave the better 
ronults. i in* bra r»*turns wort*, however, obtained when the 
jjras-H was f>*d to milking rmvH; sewage irrigation was found 
to iiuTi'UM* thi* amount of milk which could lie produced 
from l acre of laud three or four-fold. The herbage of the 
sewage-irrigated meadows was found to change rapidly; the 
I.egnmiiiuwe disappeared, as did most of the miscellaneous 
specie*, while the grasses became restricted to two or three 
vigorous Hjwejes, which constituted the whole vegetation, 
such as rough stalked meadow grass, conch grass, cocksfoot, 
Yorkshire fog, and rye grass, 

11 K\i*t mMt vis i i-ov M,\t,r ,tM> ILvhi.kv. 

In iHikt, at the request of the Board of Tradt*, experiments 
were undertaken to ascertain the relative feeding value of malt, 
ami of the barley from which it was made, ho as to see if any¬ 
thing was gained by the process of malting. It had often been 
averted, and wax the opinion of many practical graziers, that 
even if there were some loss in the process of converting barley 
into malt, yet the superior digestibility of the malt and its 
action upon the other items of the whole food more than 
eompensated for this loss. 

The investigation was divided into two stages — (1) an 
emjuiry into the nature and amount of the losses during the 
malting process; (2) i» eomjmmon of the food value of the 
resulting malt and of the original lutrley. 

Two lots of ttarley warn selected for the exjieriment, one a 
nmltttig l«trlcy of fair quality, the other a thinner, more nitro¬ 
genous Iwtrley, such as would only tie used for feeding. The 
malting was done in the ordinary way, at Hertford, and samples 
of 2f» lb, each were taken of the grain before steeping, when 
thrown out after steeping, at intervals during growth, and 
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finally after drying and screening; these -ample* being will t«» 
Rothamsted for analysis. 

The results are summarised in the fullmvingjftable, which 
shows for each sample the changes during flu- various stages, 
as calculated hack to 100 {wirts in the original material 



For example, dealing with sample No I, we see that 100 
parts of grain yielded 70 parts of malt and 2’2 of malt dust, a 
loss of weight of nearly 10 per cent. This loss was, however, 
largely water, for the next row of figures shows that of 100 
parts of dry matter in the original material 01* were recovered 
in the malt and malt dust. During steeping 01 jiereeiit. of dry 
matter was lost, consisting of mineral matter (largtdy dirt 
washed off the grain), a little nitrogenous matter, and the ready - 
formed sugar in the Imrloy. During the process erf growing on 
the floor something over 4 per cent, of dry matter is lost ; the 
table, for instance, shows a fall from 00*0 parts of the original 
dty matter to 05*0 parts, by the eighth day. This loss is due to 
the respiration process accompanying growth, ami represent* 
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* combustion of a certain amount of starch into carbonic acid 

i water, which escape into the air. During the kilning and 

<laying process there is a further loss of dry matter, this time 
**X£tinly a mechanical loss due to malt dust, which falls through 

* 1 ie wire floor into the fire. 

The further figures show that of the nitrogenous materials 
t li^re is a little loss by solution in the steep-water, but little or 
none upon the floor, where there will be no production of 
tree nitrogen as long as the germination process is proceeding 
Properly. The chief loss of nitrogenous material is mechanical, 
Ixi the drying and screening process. Similarly with the 
* Mineral matter: after the first loss in the steep no others are 
possible save those of a mechanical nature. It should be 
i x oticed, however, how much of the nitrogen and mineral matter 
1 >£Lsses into the malt dust; the young shoots of the barley plant 
«tre comparatively far richer in nitrogen and mineral matter 
t,lxan the whole grain. The other changes, which take place 
< itxring malting and are not shown in this table, would be the 
f noipient conversion of some of the starch into malt sugar (it is 
well known that malt possesses a comparatively sweet taste) and 
th.e migration of a large portion of the albuminoids of the grain 
i.TX"to soluble nitrogenous compounds, chiefly amides and amino 
sieids, the nutritive value of which is certainly less than that 
of the albuminoids from which they were derived. The malt 
jalso contains large amounts of diastase, the ferment which 
^converts starch into sugar during “mashing, the next brewing 
process. 

The figures thus obtained for the changes during the 
rrxalting process agree with those generally accepted by 
xxxaltsters to-day, who expect to lose 10-11 per cent, of material 
{clry weight), distributed as follows:— 

Loss in steep ... 1 P er cen ^- 

Loss by respiration . . 4-5 „ 

Malt dust. ... • 4 „ 

Waste . . . • 1 

The waste has been diminished by the employment of tiled 
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flours to flu; kiln instead of woven win*, hut 11*** great it»ss by 
respiration is a necessary part of the process. 

The problem then remaining was to ascertain if I la* 
inevitable loss thus produced iu tin* dry matter of the original 
barley would be compensated fur by an increased digestibility 
of the malt. Experiments with stock were made as follows : 

• (1) Milch cows, two lots of ten, each animal receiving either 
2 lb. of barley or its equivalent in malt ja r tlietn. The 
experiment lasted for 10 weeks, and the amount of milk 
produced and the live weight of the cows were recorded. 
The genera! ration to whieh the barley or malt was 
added consisted of 2 lb. rape enke, 2 lb, beau meal, 14 
lb. clover dial!’, 7 or 8 lb. st raw chaff, and f>0 lb. Sw ede* 
per head per diem, 

(2) Two lots of three-year old bullocks were fattened, 
receiving resjiectively either 4 lb. barley No. 2 or its 
equivalent, in malt, in addition to a general ration of 
clover chaff, cake, and Swedes ml lift. The experiment 

lasted 20 weeks. 

(2) Five lots of twelve Hampshire Down w et her lambs nadi r 
cover. Lot 1 had for 10 weeks | lb. and for 4 weeks 
1, lb. barley No. 1, per head per diem. Lot 2 had an 
equivalent in malt from barley No. i. Lot U bad 
similarly f and then 1 lb. of barley No. 2. Lot 4 had 
the equivalent in malt. Lot f> had the same weights of 
a mixture of two parts numalted ami one |#iii malted 
barley No. 2. The general ration was 1 lb, of clover 
chaff, and cut Swedes ml Uk 

(4) Six lots of eight pigs for 10 weeks. Lot 1 had unlimited 
barley No. 1 ml ilk Lot 2 hud the malt from the same 
barley, also ml Uk Lot 2 had both barley No, 1 and its 
malt separately ml Uk Lots 4, a, <S were similar, save 
that barley No. 2 and its malt were substituted. All 
the pigs in addition had 1 lb. each of pea meal |jer 
diem. 

In all these trials the final differences in the weight# of the 
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eumjiarativi- juts, receiving on tin? cue hand hurley unci on the 
other an equal quantity turned into mult, were amall, and not 
imteh reinmed from the inevitable error in experiments of this 
kind. Hut, as a rid**, the differences were in favour of the 
hurley, n* that we may eotielude that nothing had been gained 
by the ehiiiiK'en which the tnalt had undergone which would 
eiunjieiiwite for tin* Iokh of dry matter. This is indeed what, we 
should have exjierted ; we now know that the whole of the 
hurley is easily digestible except a eertnin amount of husk. 
This husk is unnIFeeted by the mult in}' process, and is not 
if udefed thereby more digestible. The malting changes, in 
fuel, eotisist in a de>.t ruction of some of the most soluble and 
readily digestible carbohydrates, together with a transformation 
of albuminoid info amides and other nitrogen compounds of 
h ss nutritive value, Thus the general eoiielusion may be drawn 
that it is not eeoiioinieai to malt grain before using it as food 
for stork : sitter, putting on one side the cost of the malting 
prom ts, the result is only a loss of some of the most valuable 
jtarts n{ the grain. 

It ha.», however, been jaunted out by Dr II. T. Brown that 
tiler*- may still be some foundation for the graziers’ high opinion 
«*j a little malt in a mixed diet. 

The greater part of tin* kernel of the grain of cereals consists 
of starch containing cells, which am invested by a thin 
relhitosie membrane. As long as this membrane remains intact 
it constitutes a formidable harrier to the free action of the 
starch dissolving enzyme of the pancreatic fluid, which plays 
such an important j«ut in the dissolution of the solid starch - 
granule* when once the food has {Missed the pyloric orifice. 

There does not np|s*ar to lie any provision in the digestive 
trail, of the lierlfivom for the secretion of an enzyme capable of 
attacking this investing membrane, the tlisHolution of which 
under ordinary conditions is brought about in the stomach by an 
enzyme pre-existent in the grain. Under certain conditimiH tliis 
enzyme, eytast,*, may either be absent from the food-grain or 
present only in minimal quantity, in which ease the addition to 
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the food of a material rich in eytase may hi* expected indirectly 
to aid tin* morn ready dissolution and assimilation of tin* starch. 
Such a material in malt, provided it. has not he«*n kiln dried at 
too high a temperature, for, during the pn«'i‘» of germination to 
which it han been subjected, there is a considerable production 
of eytase. in the grain. But the rations used in these exjrri 
meats were not rich in cellulose material, conseijneiitly there 
Wits no real test of whether the extra eytase brought in by the 
limit would have any benetieial effect, 

HI. Kxt’lJiiMt.VIS i l*o\ K\stl.\ot. 

During the. early eighties in the hist century, owing to a 
Kueee.ssion of wet summers, the rpiestion of ensilage cane* 
prominently before the agricultural public, and farmers were 
urged to convert their grass and forage crops into silage instead 
of running the risks of loss and of wasted time incident to tin* 
operation of hay-making. Silos were built on various prin 
<*iples all over tint country, but before the system had made ant 
real headway, the cycle of dry seasons, whieh began with 1**7, 
set in, and farmers no longer felt the want of the process, 
latterly, with the growth of forage mai/,** in tie* drier dhtricU 
of the country, the making of silage has been revived some 
what, the idea being to utilise maize silage instead of roofs, as 
is so largely done in the eastern states of America. 

Experiments on silage were begun at Hothatiisted in Jss ! 
with the construction of two rectangular tanks calculated to hold 
about 100 tons of silage each. These were tilled one with red 
clover, Iwtli first and second crop, and the other with meadow 
grass; the materials were chaffed and weighed as put in, and a 
number of samples wen* taken from whieh to ascertain fin* 
average composition of the mixture entering the silo. The silos 
wore emptied between December and the following April, when 
in the same way the material leaving each silo wan weight'd 
ami sampled. The analytical results were not wholly sails* 
ftmtory as for as the determination went of the loss of dry 
matter during the making of the silage. Such material, both 
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•'<" put in nod an b*k<*» out. i<* subject to .stink variations in 
w ;t!»*r i'iiiitflit thin! » v«ry large number of samples are required 
frotti w Inch tn *»litaitt a fair aneragr for tlu* composition of the 

tt kali*. 

’I’lii' results indii -ated that I lit* losses wore not ho great as 
w.iv thou rot n mi it »l\ ’.ttjijinti'i i; not more than 5 per cent, of 
tli*' total dry inatf*T of the *ievi*r, and about la per emit, of thr 
ihy m,ntt»r of 1 1n- ora**-’ appeared to lit* lost. Tlu* ji nnlyseH also 
indicated a *•* rtaiu h*** o» nit rt igrnoit < matt i*r; tin* eh inf changes, 
how r*\ cf, riinainfcsl in a t*i»»v«*r>i* »n of a huge proportion of the 
;dbi mi moid * into nif r*tg< ‘non* eom|>umidn of lower grade, mail bn 
am! kindred l«*dios, Tin* Iuhh of dry mailer chiefly foil upon 
tie* non i*tiro}**‘ii»inn constituents, Inti fit** evidence wits all 
agamst fit*' idoa tin it msv of tin- woody fibre whs ei invert eil into 

if # 

n more soli it iK ami dii!<-*»f if *l*» form. 

The n**\t <4rji iii tin* experiment* consisted iti testing I lie 
feeding Wihte of the silage pro*lured, llttil fill’ this purpoHf? 
•wjn-ritietit * w«*to mad** botli with fattening oven and with 
ooivh in milk. Two !oi«* «»f five oxen were picked out and fed 
w i?l» 6 lb, rake and 1*. M*. Isirlev meal each |jcr diem. In 
ad* lit ion, the lens! * in on*‘lot received »}5 lb, of clover silage, and 
ill** Wasi* in the oilier lot It! lit. of clover chill!* a ml BO lb. of 
Swedes, Tim evj»«*iitneut lasted 1H <lay*, 

d'li** final result me slightly hi favour of the silage; the 
1.fasts reviving silage made an average increase of Hill lb, per 
week jwr I (Ml lb, mean live- weight, ns against a eom»Hjainditig 
ini*re«*e of I4‘8 11*. made by the l«*aat» receiving roots and 
(duiffcKl hay. 

In the other «pt«init*tit with milch eowa,!,wo lota each of 20 
eow*a wen? weloeted, m as to obtain them iw nearly its possible 
with equal mill yield* amt equally advanced in the lactation 
|wrlmt in tsadh lot, Till#* could hardly ho realised with exactitude, 
eqwWIy m ftwdi cows hmi to \m brought in during the 
experiment, Of wneentratcd food each now received 4 lb. 
cake, 4 lb. bran, and 10 lb. chaff (hay and straw mi xed). The 
Milage, lot got from 42 to 50 lb. of clover silage, I he others 75 to 
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1)0 lb. of mangels, quant it ie.- arranged t<* '•upply each 1"! with 
equal amounts of dry matter. The experiment lasted Li weeks, 
and was immediately continued t<>r another 0 weeks with 
meadow grass silage, a reilnetion being made in the ehaft front 
10 to 7 lb., because of the larger amounts of woody fibre intro 


duecd by the grass silage. 

The results seemed to djovv thut the rows on the c1ov»t 
silage tended to fatten rather more than those on the mangels . 
though giving slightly less milk they gained hi live weight, 
wliile tin* mangel-fed eows tost slightly in weight. 

With meadow-gras* silage, however, there was not the 
same tendency to fatten, tin* cows losing weight ; the milk 
yield was practically equal from the two hits of cows. When 
analysed, the milk of the mange)-fed eows always showed a 
higher percentage of both total solids and of but ter fat than 
that of the silage-fed cows. 

The general conclusions reached w ere, that good food would 
make good silage without much more loss of dry matter than 
usually takes place in hay-making, etc.; also, that good silage b 
a useful food for both fattening oxen and eows in milk. It did 
not seem likely, however, that it would f«ty farmers to grow* 
crops specially for silage rather than to grow root**. 


IV, -The Composition of Wheat Chain ani> its Mif.t. 

Ptiomem 

The question of the food value of the various materials 
grown on the experimental plots was one always before lam*** 
and Gilbert. Particularly they were preoccupied with anything 
relating to the production of wheat and its variations in 
composition due to soil, season, or (dimate. The original plan 
of their investigations included a study of tin* influence of 
season and manuring upon the eom|«isition of the wheat grain, 
and a further study of the varieties of wheat and their adapta¬ 
tion to various climates ami localities in the great range of the 
earth’s surface over which wheat is grown. 




COMPOSITION OF WHEAT FLOUR 

In a paper published in 1857 they gave the result h of u 
series of experimental millings of wheat grain from three of 
plots—the unmanured plot, that which receives nitrogen only m 
the shape of ammonium-salts, and one that is completely 
manured with both minerals and ammonium-salts. The grind 
ing Avas done by an ordinary millstone, then the only method 
of grinding wheat. Figures were obtained showing the relative 
weights of the nine mill products—flour of various grades of 
fineness, tails, sharps, pollard, and bran — figures which 
are unfortunately of little interest nowadays since the roller- 
milling which has become universal has introduced quite a 
different series of separations. Roller-milling, also, no longer 
bruises the bran in the way that was inevitable with stone 
grinding, so that the composition even of the finest products 
has been to some extent altered. Further determinations were 
then made of the dry matter, ash, nitrogen, and phosphoric acid 
in the various products, as had previously been done fin* several 
seasons with the whole grain. The results showed that the 
percentage of nitrogen was lowest in the products at the head 
of the dressing-machine, ie., in the flour itself, but increased 
considerably in the more branny portions,, being at its highest, 
in the sixth product, the so-called “coarse sharps.” The ash 
increased to a still greater degree in the coarser portions, being 
ten times as great in the coarsest bran as in the finest flour, and 
the percentage of phosphoric acid augmented with the increase 
in the percentage of ash. 

But Lawes and Gilbert protested most strongly against the 
idea which was then beginning to he held, and which has never 
ceased to be promulgated as a sort of creed—that tlio whole 
meal of the wheat grain is the most nutritive food, and that 
ordinary white bread is deprived of much of its value because of 
the removal of the bran. 

For example, Gilbert wrote in 1881: “ The higher jmr 
eentage of nitrogen in bran than in fine flour has frequently 
led to the recommendation of the coarser breads as more 
nutritious than the finer. We have already seen that the 
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more branny portions of tin* grain also contain a unnh 
larger percentage of mineral matter. ... It is, however, \u- 
think, very questionahle whether, upon such data alone, a 
valid opinion can he formed of the eomjmrntive values, as food, 
of bread made from the liner or eoarser Hours from one and 
the same grain. . . . A pun, it is an indisputable faet that 
branny partieles, when admitted into the Hour in the decree of 
imperfeet division in which our ordinary milling processes leave 
them, very considerably inerease the js-ristnltie action, and 
hence the alimentary canal is cleared much more rapidly of its 
contents. It is also well known that the poorer classes alum.’ 
invariably prefer the whiter bread ; and among some of th«*m 
who work the hardest, and who, consequently, would s*«m«*‘» 
appreciate a dift'ereuce itt nutritive quality (navvies lor example), 
it is distinctly staled that their preference for the whiter bread 
is founded on the fact that the browner jHi*se* through them 
too rapidly, consequently before their system* have extracted 
from it as much nutritions matter as if ought to yield them. 
It is freely granted that much useful nutritious matter is, in tie* 
first instance, lost as human food, in the abandonment of I,'# *•» 
20 pet* cent, of our wheat grain to the lower animals. It 
should he remembered, however, that the amount of food 
applied is by no means entirely wasted. And foil her, %*<* 
think it more than doubtful, even admitting that an increased 
proportion of mineral and nitrogenous constituent* would be 
an atlvantage, whether, unless the branny particle* could be 
either excluded, or so reduced as to prevent the clearing act ion 
above alluded to, more nutriment would not be lost to the 
system by this action than would be gained by the introduction 
into the body, coincidentally w ith it, of a larger actual amount 
of supposed nutritious matters. Itt faet, all experience fends 
to show that the state, as well ns the chemical eo«i|a»«ittoi» of 
our focal, must bo considered; in other words, that its digest!- 
bility, and aptitude for assimilation, are not km important 
qualities titan its ultimate composition. 

“Of course, if the branny port Iona were reduced to a 
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perfect state of fineness, and it were found that this prevented 
"the aperient action, and that other evils were not induced, or 
better still, if more of the food material can be separated from 
the bran, and in either case without more cost than the saving 
■would be worth, there might be some advantage. But, to 
suppose that whole wheat meal, as ordinarily prepared, is, as 
lias generally been assumed, weight for weight, more nutritious 
than ordinary bread-flour, is an utter fallacy, founded on 
theoretical text-book dicta: not only entirely unsupported by 
experience, but inconsistent with it. In fact, it is just the 
poorer fed and the harder working that should have the 
ordinary flour bread rather than the whole-meal bread as 
hitherto prepared, and it is the over-fed and the sedentary that 
should have such whole-meal bread. Lastly, if the whole 
grain were finely ground, it is by no means certain that the 
percentage of really nutritive nitrogenous matters would be 
higher than in ordinary bread-flour, and it is quite a question 
whether the excess of earthy phosphates would not then be 
injurious.” 

The persistent idea that the branny portions of the grain 
possess a higher nutritive value comes from trusting in the 
crude chemical view of a century ago, that the percentage of 
nitrogen alone measures the value of a food, without taking 
any account of its digestibility and the amount of these 
nitrogenous materials which can be assimilated by the body. 
As to the extra value of the phosphoric acid, there is no 
evidence to show that the ordinary dietaries are in any way 
deficient in phosphates. The whole subject has, during the 
last few years, been elaborately tested experimentally in the 
course of the nutrition investigations of the United States 
Department of Agriculture, with the result that Lawes and 
Gilbert’s opinion of the superior nutritive value of white bread 
has been fully confirmed. 

The other question raised by Lawes and Gilbert in the 1857 
paper, that of the effect of the different systems of manuring 
upon the baking quality of the wheat and the differences in 
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If * 1 u 1 l#r 1 o»rtl *4 mw AginnPni.il i n»p* '* | In J, B, L., J it LS., 61 , 181 ) 0 , 

H 4|r V i t Vo! U , I?» 

143 ° Urania *4 J,&pen<nMtf*» ,it Hot hamster! on the Question of the Fixation 

• if | irr Wirogrn 4 bj J II G f| | grk, SlmlmiY (a$ titt% New Serk‘% 6 t 
MMh Li. iiH I, LhL 4 it Mrm tt Vol. VII,, No, L 

III. 1 I *.iirhn«fr/4.n f Hn J It, L , 77#e |V#r#«rr nrirf Sim Han tiers YrarMtmk, 

I I m, ;;; > 

Iff# f * 7 hr Vah»r of tlir lliflrrmt Samples of Wheat and Hurley grown 

in 1 w * o on I hr IU pertinent,** Plots at HothmmU d " (by Lawes Agrle, 

7>m! I oMnvt'trr , .1/7 f > (jt f#l t | 

114, " roi tUmf**!!* tVreidmf«M$t» anil F%ri|iorafioiMit ICotfiftiiwted ; 

with 7*loilar f##r *f went) flaw 4 jears, 1^70 1 to IWII4IB 

inrl«ii%r "H In i II * * * Pop #ft4 f i» 1 / IOC* Pari 11 Lk 

H Mem , 1*4 \ If , No / 

1 1< ,# tit *i4ts of Inpefumrnt- #t Itothiiinsfrii on tfic C|ne%tfoii of llie Fixation 
of If*'*’ %$tf ri^rn ‘ 1 in J, II ft , AW/arri Nov, 1*2, IL Mem** 

Vol, V|J , No .1 

IIH M 1 !ir Nosif 1 if 1 m< tlir N|tfog»*n of our t.egiuniiiiHift C"ropft ## (hy J, B, L» 
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Scotland, Fifth Seri*#, 7, Mi% I). 
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665). 

165. "The Valuation of the Manure# obtained hy the Vmmmmpikm of ¥wt&$M 

for the Production of Milk " (hy J. », L, ami J. IF Cl # JJLAM. f m, 
ISIS, 168), It Mm*, Vol VJL, No. 10. 

166. "The Growth of Sugar-heel, and the Mmitifurturr of Sugar, in the l 'ultrif 

Kingdom(by J. II. L. and J II, Cl, i#| J,Y t §# s JHe% .'III), H %Um , 
Vol. V1L, No. 11. 
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9 169. “ Wheat grown year after year on the same L&nd, at Rothamsted, England ; 

without Manure, with Farmyard Manure, and with various Artificial 
Manures” (by J. B. L. and J. H. G., London, 1900). 

170. “ Experiments at Rothamsted on the Changes in the Composition of 

Mangels during Storage” (by N. H. J. M., J.R.A.S ., 61, 1900, 57 ; and 
63, 1902, 135). 

171. “The Amounts of Nitrogen as Ammonia and as Nitric Acid, and of 

Chlorine in the Rain-water collected at Rothamsted ” (by N. H. J. M., 
P.C.S., 18, 1902, 88). 

172. “The Amounts of Nitrogen as Nitrates, and Chlorine, in the Drainage 

through Uncropped and Unmanured Land” (by N. H. J. M., P.C.S., 18, 
1902, 89). 

• 173. “Results of Investigations on the Rothamsted Soils; being the Lectures 

delivered under the provisions of the Lawes Agricultural Trust ” (by 
B. Dyer, U.S. Dept, of Agric., Office of Expt. Stations, Bui. No. 106, 
Washington, 1902). 

174. “ The Amounts of Nitrogen and Organic Carbon in some Clays and 

Marls ” (by N. H. J. M., Quart. Jour. Geol. Soc., 69, 1903, 133). 

175. “ The Continuous Growth of Mangels for 27 years on the same Land, 

Barn field, Rothamsted” (by A. D. H., J.R.A.S., 63, 1902, 27). 

176. “The Value of Unexhausted Manures obtained by the Consumption of 

Foods by Stock ” (by J. A. Voelcker and A. D. H., J.R.A.S., 63, 

1902 , 76 ). 

* 177. “The Manuring of Grass Lands ” (by A. D. H., J.R.A.S., 64 , 1903, 76). 

♦ 178. “ The Mechanical Analysis of Soils and the Composition of the Fractions 

resulting therefrom ” (by A. D. H., T.C.S., 85, 1904, 950). 

/179. “The Effect of the long-continued use of Sodium Nitrate on the 
Constitution of the Soil” (by A. D. H., T.C.S ., 85, 1904, 964). 

180. “ The Comparative Nitrifying Power of Soils ” (by S. F. Ashby, T.C.S., 
85, 1904 , 1158 ). 

• 181. “ The Analysis of the Soil by Means of the Plant ” (by A. D. H., Jour. 

Agric. Science , 1, 1905, 65). 

182. “ Note on Calcium Cyanamide ” (by A. D. H., Jour. Agric. Science , 1, 

1905 , 146 ). 

* 183. “The Effect of Plant Growth and of Manures upon the Soil; the Reten¬ 

tion of Bases by the Soil ” (by A. D. H. and N. H. J. M., Proc. Roy. Soc., 

1905 ). 

♦ 184. “On the Accumulation of Fertility by Land allowed to run Wild” (by 

A. D. H., Jour. Agric. Science, 1, 1905, 241). 

II.—PUBLICATIONS BY OTHER INVESTIGATORS, DEALING 
WITH MATERIAL FROM ROTHAMSTED. 

1. “ On the Composition of the Waters of Land Drainage and of Rain” (by 

J. T. Way, J.R.AM., 17, 1856, 123). 

2. “On the Quantity of Nitric Acid and Ammonia in Rain-water ” (by J. T. 

Way, J.R.A.S., 17, 1856, 618). 
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Vcrriiac»* Buy cm, D7‘2). 

B 14 On thr Ci*#i» of Wafrr** of I mill DrAiimgv ** (In \ I *irl*4rr, 
J.H.J.S,, M> 1*71, 132). 

ft. 41 Sixth lirfwirl of tin* Uiv« •r* Pollution C Din*bin, 1*7 I - r <# «• 
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in Soil** ** (by B. Dyrr» IW, 1 LV , 10, I **,!§» M; and 7 huh t \ t |f§ t 

I HIM, 115). 
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(by J, M, II, Muiiro mill K, S. Heaven, »/ l» J»S, 08, 1*97* ft 5). 
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Hiiikimtti umi Jgrk\ Sm\ nf S* at kind* It fib Srrlr?, f I0» ''ft; 

# ll j 4# Analyte* of R«»thatsi*ted Soil ***J (by A. C«i%% mill If *M#i#br ( | ** 
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Club, Vinton, lamdoii, 

1 . 1 , i# Abtrimii Cjiiii lit ioiiH alTrrtifig tin* Mult in# Quality «f Jlarln *' iU\ f, M , 

II, Mtittro mwl K. S. Heaven, J,U A<S , 01, iftftft* Dby 
I t “Keault* of Percolation Experiment* #it KothamMed, i*?o 1 m Aug, 

18{l»" (by II, It Scott, Qmtrl Jmr . /%, .tfrl 00. DU) 

15, ^ThoCoinjiiiriiflw Vfiliie of Nit rat? of Smltmit an#! Sidjibatr *4 

m Mmmtm** (by It JJUX, 01 , DlW.I* :in«y 

16. 11 A Chemkul Study of tho PhmphoHo Arlil »wl Controt^ *#f thr 

Wheui Soil* of Rrojuibaik Pirlil, Il«itfi«ni4r*l(by II, flyrr, f*w lt#. £f 

08» 11; im 104, It ItCIl, 336). 

* 17, “The Determination «#f Available Plant Fiaal in Soil* by thr iwi* nf Weak 
Add Solvent*” (by A. It Hall «nl F. J. 1 %»ii«i/|W l %, 1WI ; 
and Tmm. (\S., 81, 1110*2, 1 if), 

IS, “Sur k« jiho«ph#it« # p tin mil M#liiblr% a Iran M (by Tb, jini e< 

Compb 1S4 9 1002, m$). 

IB. H Lost Fertility; Tin? Vrtnlm Umt and Dm of Nitrate* in thr Suit* (by 
E* W, f Tmm. Higfifmd ami A%w, Hm\ «f fifth Hr ms lf t 

1 § 08 , 148 ). 

lit—OTHER PUBLICATIONS DlAUNfl WITH THE 
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t 11 The IMhamitoi Agrieultural Esfitfitiieiitel Station w ((liinD OeoM.,8q«t 
S% 1877). 

% u Ikthamited—Trent# Annie# i # Eiftrriri»rif% Affirolr# «lr H%t I^iirr* 
et Gilbert ## (par A. Rontt^ P*ri% I«I 7 ). 
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i H 

|e r Dr Both tnsirdrr \ « r.ir lu fturjt dem Sf-uidr fits Juftnot, ffdil** (von 

K 11 r < ** 1 1 Itrliii < 

| i nu r-f Jt »?**** *4 hiu» $pit D,s?a on Ifotlnittpited Et|>efitttetti« m 
< ..rr^rd mo* S? J |l Lji%%» v .ind End J, IL Cfillterl, towed mainly 
mi# fv*f H I Ho '* f U\ Kottmomt, i*b,tSydney, 

* 1 ; * Mu- f f otD*r etrd lUjirjfinrti 1 ? no! ilirir Erirtinil tA*mmm for Farmers" 

ht t t ll London* DSD 

l,i '• I -tf*u .el !MLimited I EugUm!" (It von 

f ,nio| mg, 

I i “ ftf!t^|, 44 tri| I a, IlMie, jo *fe j*rrirnm» Agroitmttifjurx tie MM, 

' * * % tr 11 * |>)^t ,| ilonii4* Ammif* Jf in S# trine Agrmmmiqttr 

4*/ r? - f <*, 'j' j^ir, e ItlfKI), 

I ' fin flofe #|r t | f||r f f f n 4r ( In Vrgt 4 t»t|«II " (jtllf A, Ilt»tttta f 

JtitUf if | S '0,»«J|«*0 §*WitH*p4^ t L'O rtrfdrf ’f !»c#l t Bari's IBB I J, 

' 1 hr ftrolr^r #1 m llrfrfrfpr to :\icrir$dfttre t mill ffefwrt on tin* 

4 to I of thr Il#4|«»iitr*l M%t4tr ** fhy ll*#»re It WmidwariL 

ft! fhr t#r»iJog|t»| Survey fm IBflS, Aj$|»eiMll* L t 

pail lift 

ilitlllM Ins’ nmi tlmi Km, I4 t M (fcter. I) f ill, 71,77 (|«rt), 

*3 * I#***'! W, B* I#* t % #i##f Is*. «f Van I # mrrr if#i*ilmt#fl itttu Fwfftcft liy 

SI t f 1 # fir Iters in tfi4 fedits-Jied in t|#r Amtifm 4gfmmtk§m»* 




Al’PI-NDIX II 


Tnntrr*. 

Ttfr 11$, flftii, L«»rtl \%t M tt\ , IM I, 

llir lit, lion. l*m\ 

sir J, Kva**, K.(\B, ( Hi".!, 


Sir J, (I *kmr «#«#), 

fl» MfMJCft, IJ*JF» PJJ.fi, (Tmmmrrr), 

IF K» AttH*titciKo # LLJP, FJtli* 

IF T. Ihamn, UJh, VMS, 

W. rAtllttlTItWIi, P.lFH, 

Sir M. Vmrm, K.CM., IM'.Im M.l*. 

Sir €, IS* mmnmrns Burl, 

Sir J» IF Titfititiwtp Hurt 

J. A, Vmumn* M.A., HiJF 


Farmer Memim'x, 

W* Wmds $ IFF* {?Vi###rr), 

Tht III. Hon* th** Karl C awiiiiii <*t t tmawiur). 

Sir W* T. Titi«xt.ToM Dymk, Ki'.Mii (Mrmfm mf i mmmmtt 

C. Whitkiumo (Member nf Fttmmiiirr), 


Srerrimy. 
II. !li«, IIA, 










APPENDIX III 


LIST OF PAST AND PRESENT WORKERS AT THE 
ROTHAMSTED EXPERIMENTAL STATION 


1. Present Staff. 


A. I). Hall, M.A. . 

Director, 1902. 


N. H. J. Miller, Ph.I). . 

Chemist, 1887. 


J. J. Willis . 

Botanical and General Assistant, 1862. 

G. T. Dunk ley 

Secretary, 1878. 


W. Wilson 

Clerk, 1883. 


E. Grey 

Chemical and General Assistant, 1874. 

C. Bigg . 

General Assistant and Laboratory Man, 1879. 

A. Oggelbby . 

Chemical and General Assistant, 1901. 

2. Former Members of the Staff. 


Name. 

Date. 

Position. 

F. A. Manning 

1849-1858 

Chemist. 

W. SlMCOE 

1850-1859 

Chemist. 

— Masters . 

1856-1858 . 

Chemist. 

II. Richter 

1862-1902 

Chemist. 

Has been responsible for the analyses of the ash of Rothamsted crops. 

etc., some 900 in all. 

of which only a portion have been published. 

This work, begun in the Rothamsted Laboratory, was continued up to 

1902 in his laboratory at Charlottenburg. 


P. Cathcart . 

about 1878 

Chemical Assistant. 

W. A. Peake . 

1878-1882 . 

Chemist. 

Died 1883 (see Tram . 

Ckem . Hoc ., 45, 1884, 617). 


D. A. Lours . 

1882-1887 

Chemist. 

T. Wilson, B.A. 

1882-1893 

Translator, etc. 

— Churchill 

1850-1852 

Clerk. 

— Sanders . 

1861 

Clerk. 

G. Gifkins 

1852-1893 

Clerk. 

W. Smith 

1852-1854 

Clerk. 

M. Domagalski 

1855-1860 

Clerk. 

W. Christy . 

1860-1865 

Clerk. 

H. Archer 

1872-1883 

Clerk. 

H. 0. Williams 

1872-1875 

Clerk. 

€. B. Kaye 

1873-1878 

Clerk, 

A. Hall 

1889-1892 

Clerk. 

F. G. Abbott . 

1892-1899 

Clerk. 

C. Barnett . 

1899-1901 

Clerk. 
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